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DSP Chip Brings 
Parametric EQ to Auto and 
Home Electronics 


Medianix Semiconductor has introduced the MED25022 
Digital Cross-ver; parametric Equaliser, a single-chip, multi- 
channel digital filter ic that uses digital signal processing 
(DSP) to provide parametric equalisation and crossover 
filtering in a range of audio applications that includes car 
audio, home entertainment centres, multimedia computers, 
and audio engineering and mixing consoles. 

This is the first time these functions have been made 
available in a single application-specific standard product 
(ASSP). 

The cmos chip provides five bands of parametric 
equalisation with up to 24 dB per octave crossover filtering 
for each of two audio channels. Devices can be used in 
parallel for more channels, or can be cascaded to achieve 
higher order filters. All the desired eq band amplitudes and 
filter cutoff frequencies are programmable, On-chip memory 
provides up to 35 microseconds of programmable digital 
delay that allows time alignment of audio signals from 
speakers that are different distances from the listener. 

Filtering characteristics can be changed by changing the 
contents of a finite number of registers. The centre 
frequency, (the -3 dB bandwidth} and level of each of the 
five eq bands can be independently adjusted over a +/- 


16dB range by sending a 24-bit world in three 8-bit 
blaocks, or by calculation using formulae stored in the on- 
chip rom. The cutoff frequencies of the crossover filters on 
each channel are digitally programmable at either 12 
dB/octave or 24 dB/octave, and can create lowpass, 
highpass or bandpass filters as needed, providing very 
precise control. The chip allows dynamic system 
reconfiguration so that, for example, the performance of a 
car stereo in a convertible can remain optimised whether 
the top is up or down, 

For more information, contact Medianix Semiconductor 
Inc., 100 View St., Suite 101, Mountain View, CA 94041, 
USE. Tel +1 650 960 7081 ex. 225 Fax +1 650 960 0478. 
Web: www.medianix.com 
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Orchid Vehicle Tracking uses GSM and 
DGPS 
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Logging Goes Walkabout 
Lascar Electronics have responded to customer demand and 
produced El-Link-IR as an easy cable-free short distance data 
transfer solution. The El-Link-IR module allow easy 
construction of an infra red link for EasyLog or other 
instrumentation systems where a remote control is required. 
@B:It converts RS232 serial data into infra red, and vice 
versa, The El-Link-IR offers original equipment manufacturers 
(OEMs) “plug-&-play” accessibility to IR serial 

communications, and has the added benefit of being totally 


self-contained in a 9-to-25-way adapter shell. 


Needing no additional software, El-Link-IR plugs straight into a 
PC serial COM port or a Psion Workabout. {t uses the industry 
standard IrDA comms standard to achieve half-duplex comms 
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over a distance of up to one metre. The El-Link-IR needs no 
external power supply, drawing the little current it consumes 
(approximately 2,5mA) from its host equipment through the 9- 
way D-type connector. The baud rate is preset to 9600 baud 
El-Link-IR can be used with the El-2-IR module to form part of 
a wireless data logging system. It can be used with Panel-IR 
to provide infra red 

control capability. 

For more 

information, contact 

Lascar Electronics, 

Module House, 

Whiteparish, 

Salisbury, Wilts SP5 

2SJ, UK. Tel. 01794 

884567. 
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Eurosoft (UK) have provided a solution to the “year 2000” computer date change known popularly as the “millennium 
problem”. Their find-and-fix utility assists with the automatic date rollover of AT-style PCs and applications that were 
not originally programmed for the jmminent 1999-to-2000 century year change. Using a small software utility, users 
can now automatically find out whether their PCs have the year 2000 date change problem, and fix the date change 
without adjusting the hardware setup. “Fix 2000” identifies the PC's BIOS to reveal whether the date rollover is 
supported or not, and then performs the correction to update the stored century value. For more information, contact 


Sharon Richards, Eurosoft (UK) Ltd., Hanover House, 136 Old Christchurch Rd., Bournemouth, Dorset BH1 1NL. Tel. 
01202 297315. 
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AVR 


_ the new chip on the 
block 


Development kit designer Kevin Kirk tells what he likes about the Atmel AVR 1200, 
the microcontroller with the nanosecond instruction cycle time. 


ne of the fastest growing sectors of the electronics 
market is microcontrollers. In 1994 the market was 
quantified as 7 billion US dollars. It is now 14 billion 
US dollars, and is expected to be 20 billion US 
dollars in 1999 - and this is just the 8-bit market. If 
you add the 4-, 16- and 32-bit markets you could double those 
figures at least. In the hobbyist sector, the best known 
microcontroller is the PIC, which finds its way into a good 
proportion of all projects published. The appeal of the PIC is 
obvious: it is cheap, small and has a low-cost starter kit that 
everyone can afford. 

But the electronics industry moves on all the time, and now 
there is a plethora of microcontrollers available, some general- 
purpose and others targeted at specific markets, such as the 
new Cypress CY7C63xxx microcontroller, designed specifically 
for USB bus applications. 

We, the developers and end-users, are becoming more 
discerning. If we were to create a wish list for the ideal 
microcontroller, we would probably list the following much- 
desired features: 


Low cost 
Low power consumption 
High speed 
A low-cost starter kit 
Re-programmable hundreds of times 
Interrupt Capabilities ; 
Re-programmabie without removing it from the circuit into which 
it is soldered 
Programming will not need any special programming voltages 
At least some analogue capabilitie 
Easy to use é 
A rich instruction set 
The option of an on-board clock for minimal component designs 
A watchdog timer (primarily for EMC purposes} 
High level (C) language support 
Substantial source and sink capabilities on each I/O pin (enough 
at least to drive an LED) 
Some security features (such as lock bits) to ensure the onboard 
code cannot be read 
Quite a tall order! 

But we are the customers, and we are getting choosy. After a 
considerable amount of research we came up with only one 


device that would fit the bill. You've guessed it - it was the Atmel 
AVR. Atmel, the manufacturers, are a bit coy about how their 
new offspring got its name. Suffice it to say that it is a RISC 
processor, and the design team leaders are called Alf and 
Vergard, so if you are any good at crossword puzzles you could 
probably make an estimate. 


The internal architecture 
Most microcontrollers perform their operations using some kind 
of central register, through which all the mathematics and 
Boolean operations are carried out. In the venerable old 51 
series you had the ‘A’ register. The PIC has its 'W' register. While 
this is fine for chip designers, it does create some problems for 
the circuit designer trying to shoehorn a multiple interrupt 
operating system into the parsimonious amount of memory 
generously allocated by the manufacturers. Students of the 
history of computing will recognise the origins of this type of 
structure, for instance, the DEC PDP8. The designers of the AVR 
have decided to write their own story here, and have created a 
multiple register based system, of 32 registers (see the block 
diagram in figure 1}, each of which is effectively capable of this 
task. So dealing with interrupts becomes easy: just use another 
register as your main working register. Then you can get out and 
away before comparable processors have finished shuffling data 
to let you get at the main register. So ISRs can be fast and neat. 
While we're talking about speed, it is a good idea to look at 
exactly what a processor does with its clock pulses. The clock is 
the heart of the processor. Without the clock, you've just got a 
black slab of plastic with some shiny legs. The 51, bless it, 
divides the clock pulses by 12 (called ‘p’ states by Intel and ‘t’ 
states by the rest of the universe). It uses these time slots to 
perform various tasks like setting high byte memory addressing, 
low byte memory addressing, instruction fetches, instruction 
decoding and so on. So if you start with a clock of. say, 12MHz, 
after the division the internal clock lumbers along at a sedate 
rate of 1MHz. So an instruction cycle takes at least 1 
microsecond. The PIC did better than this: there, the clock was. 
divided by 4 and, if you count the fact that the processor 
actually performs a pre-fetch while executing the last instruction, 
then we could say that they have a divide-by-2 on the clock, But 
the AVR doesn’t bother with dusty old divides - it just performs 
everything in one clock cycle. If your clock is 16MHz, then your 
instruction cycle time is 62.5 nanoseconds. No other small, low 
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Figure 1; the block diagram of the AT90S1200 


cost chip comes close to this performance. 

Another way of speeding the beast up is to have a reduced 
instruction set, aka RISC. Essentially, microprocessors are fairly 
stupid animals: every time they get an instruction, they have to 
go and look up how to deal with that instruction. So, in theory, if 
you reduce the number of instructions then the processor will 
spend less time hunting through its internal library, and so it 
moves faster. The PIC is an excellent example of this. Its makers 
Microchip couldn't have reduced the instruction set more if 
they'd tried. And they probably did. That’s a clever bit of work! If 
you study the instruction set of the AVR (see figure 2), you will 
immediately be struck by the fact that, with over 180 instructions 
it is hardly a reduced instruction set. However, if you root around 
in the binary structures of the instruction coding, you will find see 
that many of the instructions are actually duplicates under a 
different name. So, in reality, you are getting a RISC core with a 
CISC (complex) instruction set. 


Reprogramming 
OK, so now we've dealt with the speed issue. To many 
hobbyists this isn't an issue at all - getting the thing to work in 


DATA REGISTER DATA DIR. 
TD REG PORT D 


POR 


PORT D DRIVERS 


the first place is what matters. If you are one of those fortunate 
(or weird) people that can write code and get it to work first time, 
reprogramming the device is not something you need concern 
yourself about. To the rest of us it is of vital importance. If you 
belong to the ‘masochist’ school of designers, you will probably 
be happy with the EPROM version of a device that you can 
program, test and then spend 20 minutes waiting for it to erase. 
Microchip, with the 16C84, added some EEPROM on so that 
you could electrically erase the program memory and reprogram 
it up to 100 times. 

Atmel! have taken a different route and have stuffed Flash ram 
(see figure 3) in as their main program memory, which gives you 
at least 1,000 reprogramming lives. So even if you have the 
confidence of a Conservative candidate in the middle of the last 
Election Count, you are unlikely to use up that many 
programming lives. It also has ISP (In-System Programming) 
capability, which is a fancy way of saying that you can program 
the device even if its soldered into a circuit. Arguably, the PIC 
16C84 has had this facility all along, and there have been some 
pretty neat circuits bandied around that let you do it. The 
problem is Vpp, which is the voltage you must apply to the 
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Subtract without Carry 
Subtract Immediate 
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Branch if Overflow Flag Set 
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Figure 2: the AVR instruction set 
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device to allow it to go into programming mode, On the PIC, this 
is 12 volts, applied on the reset pin. On the AVR it is O volts; in 
other words, you only need to apply a low to the reset line, 
which then configures itself with a synchronous serial port into 
which you stuff your program code. So you really can solder it in 
and then program it (see figure 4 for details of the programming 
interface pin-outs) without the need for an extraneous Vpp 
supply rail. 

This particular device has 1K bytes of program code space, 
which is a little disingenuous, as it uses two bytes per 
instruction, and 64 bytes of EEPROM data space. The EEPROM 
operation is self-timed, which is nice, and is good for over 
100,000 erase/write cycles and the data will last for 100 years 
(That kind of specification always makes me want to ask: how 
do they know?}. This particular version has no static RAM as 
such, as it uses the registers, but later versions of the family are 
surprisingly rich in program storage, RAM and EEPROM. 

The main weakness on the AVR is the way you get to the I/O 
ports. The PIC treats the 1/O ports like registers, which makes 
them very easy to use. The AVR uses a different approach, 
which is to treat therm as ports (it does sound logical when you 
put it like that, doesn’t it?) using IN and OUT instructions, just 
like in a PC. Inevitably, this reduces the flexibility, as you should 
really have a shadow register set up to move bytewide data in 
and out of the port. Bit instructions like Test, Set and Clear are 
directly available on the port pins, however. The consolation is 
that it does have a slightly more flexible port-reading mechanism. 
You have two methods of reading the port: one is to go ahead 
and read the port pins, and the other is to read the output 
registers associated with that port pin. What's the difference? 
Look at it like this: irmagine you are using the port to directly drive 
the base of a bipolar transistor. Basic transistor theory tells you 
that the base is not going to go higher than 0.7 volts (or 
thereabouts) with respect to the emitter. So, if you switch the 
transistor on by applying a 1 to the port, it actually goes up to 
0.7V and no further. If you then read the port, the processor 
reads this as a 0. Now if you were doing a read/modify/write 
sequence of instructions, you would read all 8 bits of the port, 
twiddle them a bit, and then write them back, Unfortunately, 
because you read the port as a 0 it will write it back as a O and 
so the transistor will turn off. Therein lies madness! Of course, if 
you read the register, it will happily send back the 1 it is set to. 
The ports are, like the PIC but unlike the 51 series, true tri-state, 
and they can source up to 4mA and sink a good 28mA, which is 
enough for even the thirstiest LED. It could probably even drive a 
laser diode if you're not hoping to illuminate parts of the moon. 

It really is handy having some sort of analogue capability on 
your microcontroller. A full-blown Analogue to Digital converter, 
with at least 10 bits of resolution, would be nice, but any 
analogue interface is useful. The AVR has a comparator, This 
may sounds boring, but you can create all sorts of neat tricks 
with one of these, particularly if it is tied to the interrupt structure 
and has a propagation delay of only SOOns. Now, what if | 
promised ETI readers some projects using this facility to perform 
all sorts of clever little jobs? 


The watchdog 

Microcontrollers need to be able to perform control tasks on 
their own, which means that if they crash then they must be able 
to recover without recourse to human intervention. If your PC 
crashes when running Windows 95 then you can press reset 
and off you go, no harm done, except to your blood pressure 
and anything you forgot to save up to that point. If your 
microcontroller is controlling the nuclear fusion project you have 
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Figure 3: the AT90S1200 enhanced RISC architecture 


in your basement, then it is annoying if it crashes and the reactor 
goes critical. The worst thing with a microcontroller crash is that 
you usually don’t know that it has happened. When Windows 95 
crashes then it glares balefully at you and refuses to do anything. 
You may now know why, but at least you know. With a 
microcontroller, you may not have any user feedback at all, so it 
has to be self-sufficient. Atmel recognised 
this and included a watchdog circuit. The 
operation of a watchdog is suprisingly 
simple. Imagine you are sitting in your 
mother in law's house with her pet Pit Bull 
terrier. You need to tell it ‘good boy’ every 
couple of minutes, or it will sink its fangs 
into anything it can reach, You keep up the 
‘good boys’ and everything is fine, but 
forget for a moment, or go to sleep and ... 
The watchdog on the microcontroller is 
very similar, {t is a timer which must be 
reset by the processer at regular intervals. 
lf the processor doesn’t reset it (because it 
has crashed), then the timer times out and 
resets the processor. 

A processor crash takes one of two 
forms. The first is that it leaps into a 
software loop from which there is no escape, which is usually 
because of poor software design, and the other is where it slips 
a cog and gets its operators and operands mixed up. In order 
for a processor to process an instruction, it needs details of both 
the instruction (the operator) and the register(s) on which it is to 
perform the operation and store the result (the operand). If it gets 
these two mixed up, usually because a glitch in the power has 
created a knot in its lingerie, then it tries to decode operands as 
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Figure 4: the programming interface 
connections 


operators. The only way out of this is to reset the processor. 
Under the rules for EMC compliance, the system must be 
immune to electrical interference; put more bluntly, this means 
that if you zap the system with more volts than it wants for 
operation, then it should be capable of recovering itself and 
carrying on sweetly as before. Put very simply indeed, if you 
want to design microcontroller-based 
equipment with the (required) CE mark, then 
it must have a watchdog. 


Pulse width modulation 
This may be a good time to look at pulse 
width modulation and what it can do for 
you. If you’ve ever looked at hi-fi, you will be 
aware of the various classes of amplifier. 
First there is class A, in which the output 
stage is biased to the mid point in the 
device's swing, This means that the output 
device will conduct the whole of the 
waveform, so that distortion is lower. The 
problem here is inefficiency, as much of the 
power is wasted as it consumes power 
even in its quiescent state. Next is class B, 
with two transistors (or valves) arranged 
such that one conducts on positive half cycles and the other on 
negative. During its quiescent stage both transistors are off, so that 
it is very much more efficient. The fact that you need to put about 
0.7V on the base of the transistor before it conducts means that 
there will be a point where both transistors are off during the 
crossover stage. This introduces crossover distortion. Class C is for 
RF applications, so I'll skip that. 

Class D (or class E if vou happen to be Japanese) uses a 
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RESET Vcc 
PDO [5] PB? {SCk) 
PDI [5] PB6 (MISO) 
XTAL2 [7 Pes (MOsI} 
XTALI PDIP 
(INTOJPD2 soic 
aac SSOP 
(To) PD4 (J PBI (AIN1) 
PDS PBo (AINO) 
PD6 


Figure 5: the AT90S1200 pin outs 


different approach, which curiously enough was pioneered by Sir 
Clive Sinclair many years ago in his X10 amplifiers. This is a 
completely digital amplifier. We know that inefficiencies occur when 
you need to bias a bipolar transistor to On. It sits eating up current 
even at low revs. However, if we use it at either end of its 
conduction curve, in other words when it is turned hard on 
(saturated) or hard off, then it is very efficient. This can be proved 
using the power theorem. If the current through the device is 0 
(we'll assume a perfect transistor with no leakage current), then the 
power dissipated across the device is 0 (|? x R} similarly if the 
voltage across the device is 0 then again the power dissipated is O 
(V‘/R). So if we could devise a system whereby the transistors can 
always be used only as switching devices, then we could achieve 
maximum efficiencies. To do this we use Pulse Width Modulation. 
In a nutshell, this means varying the mark (high) to space (low) ratio 
of a pulsed waveform, so that the mean power delivered to the 
load is based on the ratio between the 1s and the Os. The more 
1s, the higher the output. To achieve this we need to provide some 
form of storage device to integrate the mean power. In a fi-fi this is 
easy; the speaker is just a type of inductor and naturally acts as an 
integrator. In a digital system, we can use a filter with a long time 
constant, in other words a capacitor charged via a resistor. 

So what use is it in a digital system? The answer is that we can 
use it for digital to analogue conversion. If we need a voltage 
output, or we need to control the speed of a motor, then we can 
use the PWM output. 


The relatives 

At the time of writing there are three versions of the AVR in the 
family, The first off the line was the 1200, which is the one | have 
been discussing up to now. That was followed by the 8515, which 
has the same pin-out as the ubiquitous 51 series (see figure 5}, 
Apart from all the features listed above, the 8515 has an 
asynchronous serial port (sometimes, wrongly, referred to as an 
RS232 port), a synchronous serial port, pulse width modulation, 
and the ability to use external data memory. This device was 
followed by another 20-pin device, the 2313, which has further 
program memory capability, PWM and an asynchronous serial port. 
Finally, there is an 8-pin device called the 2313, which is going to 
provide a bit of competition to the Microchip 1200 series. Further 
units, scheduled for early next year, include a part with 1 megabit of 
program memory and another with precision 10 bit A/D converters 
built in. 
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The outstanding feature of this device family is that it was 
designed around a high level C compiler. The C compiler 
manufacturer actually worked with the chip designers to 
create the chip, so that you can use C to write the code, 
instead of assembler, and the resulting code Is fully 
optimised. So, unlike many processors, the compiled object 
code is very nearly as efficient as the code created by the 
native assembler. You also have access to the range of 
professional standard debugging tools that are, optionally, 
supplied by the makers of the C compiler, IAR Systems. 
Atmel have commissioned a special version of the compiler 
for less than half the normal price. Contact numbers follow. 


AVR Starter kit available from Maplin and Rapid Electronics 
AVR Training System (AVR Explorer) and a “Get Going with 
AVR” book are available from Maplin 

AVR Devices available from Maplin, Rapid Electronics and 
Farnell 

C Compilers available from Kanda Systems (demos available 
on request). 

Programming software is available from Kanda’s website 
www.kanda-systems.com 

Free development tools are available from Atmel’s website 
www.Atmel.com 


Maplin: PO Box 3, Rayleigh, Essex SS6 8L. Tel 01702 
554161. 

Farnell Electronic Components: Canal Road, Leeds, LS12 
2TU. Tel 0113 263 6311. 

Rapid Electronics: 40 Heckworth Close, Severails Industrial 
Park, Colchester, Essex CO4 4TB. Tel 01206 751166. 
Kanda Systems: PO Box 2, Ystrad Meurig, Ceregigion, UK 
SY25 6DX. Tel 01974 282670. 


Cover picture: Atmel’s AT90S1200 is based on the AVR 
architecture, the world's first 8-bit RISC. The AT90S1200 
combines an AVR core, 1KB of Flash memory and 64 bytes of 
eeprom on a monolithic 20-pin chip. 
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AA Cell Eliminator 


Time to round up your AA-cell dependent appliances and save costs by running 
them from the mains. By Terry Balbirnie. 


ook around the house and you are bound to find 
several devices powered from two, three or four 
AA cells. All those radios, games, personal 
stereos, photographic equipment and computer 
add-ons that you haven't already thought of an 
energy-saving strategy for. They build up all the time, especially 
after Christmas. Many of these things need less than 300mA, 
which puts them well within the scope of a mains-powered 
eliminator like this one. Mains electricity is about three 
thousand times cheaper than the equivalent power from 
alkaline “AA” cells. Where there is a mains supply, it makes 


sense to use it, especially if you have anything that you use for- 


long stretches of time. 

Certain pieces of equipment, such as photoflash guns, 
require a large current for a relatively short time. My photoflash 
unit, for example, needs about 3A at the beginning of its 
operating cycle. This kind of item is not suitable to use with 
this battery eliminator. 


Good substitute 

Although this circuit was originally designed as a substitute for 
AA cells, there is no reason why it could not replace other 
batteries. In any event, you will need to look 
at the way in which the output will be 
connected to the terminals inside the battery 
compartment. You must also check that the 
equipment needs a maximum of 300 
milliamps. For AA cells, the connections will 
possibly be made using a pair of dummy 
cells. More will be said about this later. Make 
sure that there is enough space inside the 
battery compartment for the wires. Also, 
check that it will be possible to file a small 
section out of the cover to allow the wires to 
pass through. A number of appliances have 
a separate cell holder inside the battery 
compartment to which connections are 
made via a PPS-type battery snap. If this is 
the case, the cell holder may be discarded. 
The eliminator output can then be linked to 


Figure 1: the circuit of the AA Cell Eliminator 


the existing connector using a similar battery snap. 

This eliminator provides the correct output voltage via the 
value of a single “program resistor" on the circuit panel. 
However, to make sure that the voltage is correct, you will 
need to use a voltmeter at the end of construction. The 
output voltage must not be taken on trust. The current 
limit (that is, the maximum current which the unit can deliver) is 
set by another resistor. This provides protection in the event of 
a short circuit or overload, and takes the place of a fuse in the 
output. In fact, such a fuse would be undesirable because of 
the rather large voltage drop across it. 


This eliminator must not be used by children. Because 
it receives power from the mains, it must be regarded as 
potentially dangerous. This is an “adults only” circuit. 
For the same reason, it must only be used in a dry indoor 
location. 


How it works 

The circuit is shown in figure 1. The mains is applied to 
transformer 11 primary via the fuse, FS1. The secondary 
provides an ac output of about 12V (with both 6V windings 
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connected in series, that is, by connecting C to B as shown) or 
6V (with the link connecting C to A instead - this uses only one 
secondary section). For equipment designed for two cells, the 
latter is used. For three or four cells, both secondaries will be 
needed. The mains earth wire is connected to the case and 
also runs through to the negative (OV) output terminal. 


The transformer output is connected to bridge rectifier 
REC1 and smoothed by C1. The result is an on-load dc supply 
of some 7V (if one secondary has been selected) or 15V (for 
two).LED1 glows to show that the circuit is on. The value of 
series resistor R1 will be chosen according to whether the 
higher or lower secondary voltage has been selected. This will 
enable it to draw the correct operating current. 

The positive rail is connected to the input (pin 1) of valtage 
and current regulator |C1. The output is provided at pin 5. 
Current then flows through R2 to the positive output. The 
output voltage depends on the values of R3 and R4. These 
should be of the 1 percent tolerance type so that the voltage 
may be accurately predicted. Since R@ is fixed in value, the 
output is determined by Ré4 (the program resistor) alone. The 
value of this is chosen from Table 1 according to which 
voltage output is required, For two cells this will be 3V, for three 
cells, 4.5V and for four, 6V. In fact, the voltages as calculated 
are slightly on the low side for safety. Capacitors C2 and C3 
are necessary for stable operation of the regulator, 


Table 1 

Fornominal Use R4 value 

output (0.1 percent) 
3V 33R 

4,.5V 560R 

6V 1k1 


Voltage sensing 

The maximum output current is controlled by the value of R2. 
With the current flowing through this, a certain voltage is 
developed across it according to Ohm's Law. As the current 
increases so does the voltage. This is sensed by pin 2 and if it 
reaches 0.4V, the output is turned down so that it never 
exceeds this figure. Table 2 shows the value of R2 required to 


produce various current limits up to the maximum of 300mA. 
Note that these are not accurately determined and may only be 
regarded as nominal values. 


Table 2 

For current Use R2 
limit (mA)}value (ohms) 

50 8,2 
100 3.9 
150 ot 
200 1.8 
250 1.5 
300 We 
See also text. 


The difference between the input and output voltage appears 
between IC1 pins 1 and 5 (less the small voltage developed 
across R2). This, multiplied by the current flowing in the circuit 
gives the power which must be cissipated by the device. This 
is converted into heat, and 
measures must be taken to 
release this into the air without 
causing overheating. The 
maximum normal (non-fault) 
power dissipation will occur 
when the highest allowed 
current (300m<A) is drawn and 
the circuit is configured for a 6V 
output. If 15V appears at pin 1, 
there will be a voltage difference 
of some 9V which, when 
multiplied by 3O0mA, will result 
in a power a little under 3W. This 
will produce a small amount of 
heat which is easily dissipated 
by the aluminium box in which 
the circuit is housed (and to 
which IC1 is bolted). Many 
pieces of equipment require less 


Figure 2: the component layout 


than 300mA and the heat 
developed will be 
correspondingly less. Under 
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short-circuit conditions, the power will be greater because the 
full 15V will now appear across the ic. With a set limit of 
300mA, this will be in the region of SW. It will be safe, but the 
box may become quite warm especially if the short circuit is 
applied for a long period of time. 


Construction 

All soldered connections must be made with.care. In some 
circumstances where there is a faulty connection, the 
output voltage could rise to that at IC1 pin 1 causing 
damage to the equipment connected to the unit. 

The PCB design, as given, connects both 120V transformer 
primary windings in series for use with European (nominally 
230V) supplies. Readers in the USA should make the following 
modifications: Cut away a section of track linking the Neutral 
(N) terminal on TB1 to the lower OV transformer pin. Hard wire 
the lower transformer 120V pin to TB1 Neutral instead. 

This project must be built in an earthed metal case, This 
provides sufficient mechanical strength and also acts as a heat 
sink for the ic. Drill holes for entry of the mains lead and for the 
output wires. Make these large enough for the strain relief 
bushes which are needed to hold them securely and prevent 
them from pulling free. Drill a small hole in the base close to 
TB1 position for a solder tag. 

Drill the four mounting holes in the PCB. Four are necessary 
because the transformer is a heavy component and needs 
plenty of support. Mount the transformer, terminal blocks TB1 
and TB2 also the fuseholder as shown in the photographs. 
Solder the link wire in position. This connects the common 
position (C} with either A (for 8V or 4.5V output) or B (for 6V 
output). Solder R1 in place - if one transformer secondary is 
used, the correct value is 330R; if both are used, it should be 
820R. Refer to Table 1, choose the correct program resistor 
(R4) and solder it in position. Refer to Table 2 and select the 
resistor required for R2 according to the maximum current 
required. Remember, a personal stereo draws more current 
when winding and re-winding the tape than when it is playing, 
so this must be allowed for, It is not prudent to set a higher 
current limit than is actually required. 

Solder all remaining components taking care to mount the 
bridge rectifier and electrolytic capacitor C1 with the correct 
polarity. Solder short pieces of wire to the LED position and 
solder the LED to these observing the polarity. It should be 
arranged for the top of this component to take up a position 
about 2mm higher that of the lid of the box when this is in 
position, It is important to sleeve the LED wires (including the 
extension) along their entire length so that they cannot touch 
one another or anything else. Heat-shrinkable sleeving is best 


Figure 3: connecting the Live and Neutral wires to TB1 


for the job. Solder the ic in position. Its metal backing is 
towards the right-hand edge of the PCB and should overhang 
it slightly. The pins will need to be bent slightly; this must be 
cone with care, as they break off easily. Insert the fuse in the 
holder and fit the insulating cover. 

Hold the PCB in position on the base of the box with IC1 
pressing against the side and mark through the mounting 
holes. Drill these and attach the PCB using 8-mm length 
minimum plastic stand-off insulators on the bolt shanks. Check 
carefully that all the soldered connections on the underside of 
the PCB remain at least 5 millimetres clear of the metal. Mark 
the hole in |C1 tab, remove the PCB again and arill this hole. 
Replace the PCB and bolt the ic firmly to the side of the box 
using a metal nut and bolt - heat transfer compound is not 
necessary, because the ic is being used well below its 
operating limit. The metal tab is connected internally to pin 3 
which, in turn, becomes the negative (OV) output. Thus, the tab 
may make electrical contact with the case because this is at 
the same potential. Take care to ensure that pins of IC1 are not 
put under any strain, because they break easily. Measure the 
position of the LED and drill a small hole in the lid of the box so 
that it will protrude through it when the case is assembled, 
Make any adjustments as necessary. Attach the solder tag 
securely. Fit self-adhesive plastic feet to the bottom of the case 
to protect the work surface. 


Testing 
Note: For safety reasons, the lid of the case must be in 
position whenever the unit is plugged into the mains. 
Make up an input lead using light-duty three-core mains- 
type wire. Fit a plug to one end and, if it is of the UK type, 
insert a 2A or 3A fuse. Pass the wire through the hole drilled 
for it and secure it using one of the strain relief bushes leaving 
a little slack. Make certain that the wire is tightly held. Connect 
the Live and Neutral wires to TB1 as shown in figure 3. Twist 
the end of the earth wire to a further short piece of mains earth 
wire, Hook the wires through the hole in the solder tag and 
solder them securely. Attach the short piece of earth wire to 
TB1 as shown. Make certain that the mains earth wires 
are securely attached to the solder tag. Make up an output 
wire. This should be kept as short as practicable to minimise 
voltage drop. This is especially important if a high current is 
being drawn. If a long lead is essential, use thicker wire. 
Secure this with the second strain relief bush and connect the 
wires to TB2. Note which colour is the positive. Just leave the 
other ends bare for the moment. Replace the lid of the case, 
Connect a voltmeter to the output and plug in the unit. The 
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LED should glow and the voltmeter reading should be slightly 
below the nominal voltage (Say, 95 percent of it). As a guide, these 
are the actual off-load voltages given by the prototype: 2.81V (for 
3V), 4.25V (for 4.5V), 5.71V (for BV). The voltage will fall a little 
according to the current drawn but it will still operate the equipment 
correctly. If it is found that 300mA is needed and this cannot be 
obtained, reduce the value of R2 slightly. In the unlikely event of the 
voltage being higher than the correct value, reduce the value of R4. 


Finishing off 

If all is well, arrangements can be made to connect the output lead 
to the battery connector in the appliance. However this is done, 
make absolutely certain that the wires are applied with the correct 
polarity. Some pieces of equipment do not have an internal 
diode which protects them against incorrect connection. 
Check and double check this point before connecting the 
wires and switching on. 

The dummy AA cells referred to earlier consist of a plastic body 
with the ends linked by a thin metal strip. Depending on the 
particular arrangements, it may not always be necessary to cut 
through the strips. However, it will be safer if you do. Remove a 
small section of strip from each “cell” so that the ends cannot re- 
touch. The positive wire is soldered to the positive piece of link wire 
on one “cell” and the negative wire to the negative on the other. {f 
the equipment uses three or four cells, it will be necessary to find 
which one makes the positive connection and which the negative. 
Only two dummy cells will normally be needed. However, some 
equipment relies on the mechanical support of all the cells to make 
a reliable connection, so more dummy units may be needed 
depending on the use. Careful inspection will reveal to which 
terminals the wires from the circuit panel inside are connected. 
Due to safety regulations, this circuit must not be used to 
operate a battery-type electric razor in the bathroom. 


After a long period of use, the case will become warm, especially if 
the maximum current is drawn. 
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Five Range 
Capacitance 
Meter 


The careful use of close-tolerance components on this meter gives good results for 
low capacitance values where many meters fail. By Robert Penfold. 


n analogue capacitance meter can be very 
simple indeed, often consisting of little more 
than an oscillator and a monostable. Many 
designs of this type have been published in the 
past, and no doubt they all perform quite well. 
The problem with the ultra-simple approach is that it 
usually provides a relatively confined measuring range. In 
particular, the accuracy at low values can be very poor, and 
it is often impossible to check components having values 
of less than about 50 to 100pF. This is a serious drawback 
for anyone interested in radio circuits, or high frequency 
circuits in general, where a large number of low-value 
capacitors are used. Even in low frequency circuits, there is 
usually a sprinkling of small capacitors to provide frequency 
compensation and so on. 
This analogue capacitance meter has five ranges with 
full scale values of 100pF, 1nF, 10nF, 100nF, and 1uF. Its 
coverage is less extensive at the high value end than some 
other designs, but high value capacitors are easily checked 
using a multimeter. Good results are provided at low values 
where the unit will happily measure values down to a few 
picofarads. Excellent accuracy is obtained on all five ranges 
provided close tolerance resistors are 
used in the range-switching circuit. 
The circuit is powered from a PP3 
size battery, or a simple unregulated 
QV battery eliminator can be used if 
preferred. 


Operation 

The block diagram (figure 1) shows 
the general arrangement used in this 
capacitance meter. The first three 
stages generate a sinewave signal of 
pre-set amplitude. A simple C-R 
oscillator generates a low frequency 
triangular waveform, and lowpass 
filtering is then used to reduce the 
harmonic content of this signal. This 


rounds the waveform to give a reasonable sinewave signal 
of adequate purity for the present application. A variable 
gain amplifier enables the amplitude of the output signal to 
be controlled, and this stage provides a small amount of 
additional lowpass filtering. 

The sinewave output signal is fed to an operational 
amplifier which is used in an inverting mode circuit of sorts. 


Figure 1: the block diagram of the Five-range Capacitance Meter 
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What would normally be the input resistor is actually the 
capacitor under test, and the feedback resistor is one of 
five switched resistors (one for each range). The closed 
loop voltage gain of this modified arrangement is governed 
by the normal rules, and is simply equal to the feedback 
resistance divided by the reactance of the test capacitor. 
The reactance of the test capacitor is dependent on the 
applied frequency and the value of the capacitor. In this 
case the input frequency is fixed, and the reactance value 


Figure 2: the Five-range Capacitance Meter circuit diagram 


is therefore dependent only on 
the value of the test 
component. 

This method of capacitance 
measurement relies on the fact 
that the reactance of a 
capacitor is inversely 
proportional to its value. For 
example, at a given frequency 
a 10nF capacitor will have a 
reactance that is ten times 
higher than that of a 100nF 
component. Suppose that a 
100nF test capacitor has a 
reactance that is equal to the 
selected feedback resistor. 
This gives unity voltage gain 
through the inverting amplifier, 
and an output level that is 
equal to the input level. The 
reactance of a 50nF test capacitance would be double the 
value of the feedback resistor, giving a voltage gain of 0.5. 
The output level from the inverting amplifier would therefore 
be half the input level. A 1O0nF test capacitor would have a 
reactance value some ten times higher than the value of 
the feedback resistor, giving a voltage gain of just 0.1. The 
amplitude of the output signal from the inverting amplifier 
would obviously be one tenth of the input level. 

It should be apparent from this that there is a linear 
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relationship between the value of the test capacitor and the 


amplitude of the output signal from the inverting amplifier. 
Feeding the output of the inverting amplifier to a precision 
rectifier and smoothing circuit produces a de output 
voltage that is proportional to the ac output voltage from 
the inverting amplifier. This drives a moving coil meter 
which indicates the value of the test components, and has 
linear scaling, The gain control in the sinewave generator 
circuit enables the unit to be calibrated against a precision 
capacitor which should preferably have a tolerance of one 
percent or better. 


The circuit 


The full circuit diagram for the five range capacitance meter 


appears in figure 2. |C1 is used in a standard 
triangular/squarewave oscillator of the type that uses an 
integrator (I\C1a) and a trigger circuit (IC 1b). In this case it 
is only the triangular output signal from IC1a that is 
required. The oscillator circuit has an operating frequency 
of about 115Hz. The triangular output signal is fed to a 
conventional third order (18dB per octave) lowpass filter 
based on IC2. This filter has its cut-off frequency at 
approximately 100Hz. It therefore allows the fundamental 
input frequency to pass with little attenuation, but severely 
attenuates even the lower order harmonics. |C3 is used in 
the variable gain amplifier, which is a simple inverting mode 
circuit. Its gain can be varied from approximately 12 with 
VR1 at minimum resistance, to just under two with VR1 set 
for maximum resistance. C6 applies increased feedback at 
high frequencies, which gives some additional lowpass 
filtering, and a slightly improved sinewave output signal. 
The test capacitors are connected across SK1 and Sk2. 
IC4 is the operational amplifier in the inverting mode 
amplifier, and R13 to R17 are the range resistors. These 
must have a tolerance of one percent or better if good 
accuracy is to be achieved on all five ranges. R13 is the 
feedback resistor on the 1uF range, running through to 
R17, which is the feedback resistor for the 100pF range. 
The precision rectifier uses IC5 as (in effect} a non- 
inverting amplifier with a voltage gain of about 5.5. 
However, IC5 is used without a negative supply, which 
means that it cannot provide negative output signals. The 


CA3140E specified for IC5 is a type which can operate with 
its inputs and output at very low potentials, and the circuit 
therefore functions normally on positive input half cycles, 
This circuit therefore provides a half-wave rectified and 
slightly boosted output signal which is fed to the meter via 
the simple lowpass filter circuit comprising R22 and C9. 
Note that most operational amplifiers cannot operate with 
their inputs and output at less than about one or two volts 
above the negative supply terminal, so devices such as the 
TLO71CP, LF351N, uA741C, and so on, will not work in the 
IC5 position of this circuit. It is also worth noting that the 
circuit operates from a five-volt supply, and that this is too 
low for many operational amplifiers. The use of alternatives 
for IC1 to IC4 is not recommended, either. 


Figure 3: the pcb component layout for the Five-range Capacitance Meter 


ELECTRONICS TODAY INTERNATIONAL 
29 


eee i A a ES a 


ahha aN A PRIEST A NS I Em A 
ial 


It is essential that the circuit is 
powered from a stable supply, 
since the output level from the 
sinewave generator circuit varies 
with changes in the supply 
voltage. A stabilised five volt 
supply is derived from the nine 
volt battery supply by monolithic 
voltage regulator IC6. S2 
connects the positive terminal of 
meter ME1to R22 and C9 in 
normal operation, but it can be 
set to the other position to check 
that the battery voltage is 
acceptable. The meter is then 
connected across the stabilised 
five-volt supply via R21, which 
effectively converts the meter to a 
simple voltmeter having a full 
scale value of 10 volts. If any 
“sagging” of the stabilised supply 
is evident, the battery is 
exhausted and must be replaced immediately. 

The total current consumption of the circuit is about 
eight to 10 milliamps, and a PPS size battery is just about 
adequate to supply this. Alternatively, any nine-volt battery 
eliminator should be able to supply such a modest current. 
Due to the inclusion of IC6 it is not necessary to use a 
battery eliminator that has a built-in regulator circuit, but a 
supply of this type is, of course, perfectly suitable for use 
with this unit. 


Construction 

Most of the components are assembled on a printed circuit 
board, as detailed in figure 3, the component layout. 
Construction of the circuit board is largely straightforward, 
but there are a few points that merit amplification. Bear in 
mind that the CA3140E used for IC5 is a MOS input device 
which requires standard anti-static handling precautions. 
The most important of these is to fit the device in an ic 
holder, and not to plug the ic into place until the circuit 
board and all the wiring are otherwise complete. Before 
that it should be left in its anti-static packing. Try to handle 
IC5 as little as possible when fitting it into the holder, and 


Figure 4: the hard wiring (use in conjunction with figure 3) 


keep it away from any obvious sources of static charges. 
Although IC1 to !|C4 all have fet input stages, they do not 
require any special handling precautions as they have jfet 
rather than mosfet input stages. However, it is still 
advisable to use ic holders for all four of these devices. 

In order to fit neatly into this board layout the non- 
electrolytic capacitors should be small printed circuit 
mounting types having 7.5 millimetre lead spacing. The 
only exceptions are C10 and C11 which are miniature 
ceramic capacitors having five millimetre lead spacing. VR1 
must be a miniature (0.1 or 0.15 watt) horizontal mounting 
preset. Fit single-sided one-millimetre diameter pins to the 
board at the positions where connections will eventually be 
made to the off-board components such as the switches 
and ME1. Tin the tops of the pins with a liberal amount of 
solder. 

A metal instrument case measuring about 150 by 100 


by 75 millimetres is adequate to accommodate this project. 


The exact layout is not critical, but try to use one that 
avoids having long connecting wires to SK1, SK2, and S1. 
Excessively long connecting wires can give problems with 
stray capacitance, causing reduced accuracy when 
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measuring very low value capacitors. On the prototype, 

SK1 and SK2 are one-millimetre sockets mounted about 15 
millimetres apart. Many capacitors will plug straight into 
these, but a set of small test leads fitted with miniature 
crocodile clips must be made up so that small printed 
circuit Mounting capacitors can be tested. 

Fitting the meter on the case is slightly awkward 
because the meter requires a sizeable cut-out. A 38- 
millimetre diameter hole is required for a standard 60 by 45 
millimetre panel meter. This can be cut using an Abratile or 
any other miniature round file. It is advisable to cut just 
within the perimeter of the required cut-out, and then 
carefully enlarge the hole using a large half-round file. A 
special tool for making large diameter holes is available 
from some do-it-yourself stores, and this represents the 
quickest and easiest way of making the mounting hole. 
These hole-cutters are also known as “tank cutters”, and 
they are intended for use in hand drills or (preferably) a 
brace, as they must be used at very slow speeds. They 
can be adjusted to produce any size of hole from about 20 
millimetres in diameter to 60 millimetres or more. The meter 
also requires four 2.5 millimetre diameter mounting holes 
for its built-in threaded mounting rods. The positions of 
these can be located using the meter itself as a sort of 
template. 

Details of the hard wiring are provided in figure 4. In 
order to keep stray capacitance to a minimum the range 
resistors (R13 to R17) are mounted on SW1. | used a six- 
way two-pole switch for SW1, with its adjustable end-stop 
set for five-way operation, but a standard 12-way single 
pole switch is also suitable. There should be no difficulty in 
fitting the resistors in place provided the ends of the 
leadout wires and the tags of SW1 are tinned with solder 
first. Try to make the connections reasonably swiftly so that 
there is no danger of the resistors becoming overheated, 
and their accuracy being impaired. In other respects the 
hard wiring offers nothing out of the ordinary. 


Calibration and use 

A close tolerance (one percent or better) capacitor is 
needed in order to calibrate the unit, and this capacitor 
should ideally have a value that is equal to the full scale 
value of one of the capacitance meter's ranges. If a suitable 
component has to be bought specially it is advisable to 
calibrate the unit on the 100pF or 1nF range, because 
close tolerance capacitors with higher values tend to be 
quite expensive. To calibrate the unit, simply switch it to 
the appropriate range, connect the calibration capacitor 
across SK1 and SK2, and then adjust VR1 for the correct 
reading on ME1. The meter should then function with good 
accuracy on all five ranges. 

In theory it is not possible to test small electrolytic 
capacitors using this meter because the test capacitor is 
fed with a pure ac signal that does not include a dc 
component, In practice though, accurate measurements 
seem to be obtained with electrolytic capacitors connected 
either way round. When using the unit, try not to touch 
either leadout wire of the test components, as this could 
result in noise picked up in your body being fed into the 
rectifier circuit. This could significantly inflate readings. This 
is especially important when testing low value components, 
as the tester is more sensitive to stray pickup on the 100pF 
and 1nF ranges. 

It is perhaps worth bearing in mind that the circuit 


responds to the impedance across SK1 and SK2 at the 
test frequency. A capacitor that is faulty with a high leakage 
level might give a reading on one range of the unit, but the 
indicated value would be much higher than the marked 
value of the test component. If a high leakage level is 
expected, a quick test with a multimeter set to a resistance 
range will soon show whether or not the test component 
exhibits this fault. 

One final important point is that with any practically any 
capacitance meter, it is courting disaster to test a capacitor 
that is charged to anything more than a few volts. If there is 
any risk of a test component having a significant charge 
voltage, discharge it prior to connection to the capacitance 
meter. 
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An RS232 1/0 


Card for Psion 
3s and PCs 


The Psion Organiser can be more than an electronic diary. Using this interface by 
Pei An, you can program it to control things for you, or work as a simple data logger. 


he Psion series 3, 

3A, 3C and 

Sienna are 

palmtop 

computers. 
Although they are packaged as 
personal organisers, they are 
really general-purpose 
computers. They are equipped 
not only with powerful built-in 
organiser applications like word 
processing, spreadsheet, 
agenda and database 
management (such as 
telephone and address books), 
but also contain a powerful 
built-in Basic-like programming 
language, the Organiser 
Programming Language (OPL). 
The latter allows the user to 
write sophisticated software for 
applications other than the ones 
that are built in. Psion organisers 
have a comprehensive power saving scheme, which makes 
them excellent computers with the major benefits of 
compactness and long battery life. Psions also have an I/O 
port which allows them to be connected up to desktop 
computers, modems and printers. The |/O ports on the Psion 
3 and 3A can be converted into a standard RS232 ora 
Centronics port by means of external plug-in devices. The 
Psion 3C/Sienna, however, already has an industrial-standard 
RS232 interface and an IrDA data communications port 
incorporated. 

Like other PCs, the Psions can be used for computer 
interfacing applications. Using the RS232 port, external 
circuits can be connected up to form PC-based systems for 
applications such as data acquisition and control, which can 
be made truly portable and mobile owing to the compactness 
and low power consumption of the Psions. 

This article describes a general purpose RS232 |/O card 
for the Psion 3C organiser as well as for PCs. It is connected 


The Psion 3C and RS232 1/O card 


to the port by three wires, and offers eight digital inputs and 
eight digital outputs. Figure 1 shows the I/O system 
connected to a Psion 3C. The card itself is shown in one of 
the photos accompanying this article. {t allows the user to 
explore the RS232 port and make use of the port for other 
PC interfacing applications using the Psion and PCs. 


Fundamentals 

The RS-232C port is an industrial-standard asynchronous 
serial data communications interface for passing serial data 
between two devices. It is included in almost all types of 
desktop and notebook PCs and is used mainly for 
connecting printers, modems, mice and other peripherals. 


Serial data 

Unlike a parallel port, which normally has eight data lines and 
transmits one 8-bit byte in each go, a serial port only has one 
data line to transmit 8 bits. The byte is transmitted serially. 
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The RS232 I/O card from above 


There are two serial data transfer schemes, synchronous and 
asynchronous. With synchronous data transfer, additional 
lines are needed to transmit handshake signals along with the 
data line to indicate when the next bit is to be transmitted. 
The advantage of this is that the receiver is able to respond 
to the clock rate of the transmitter automatically. 

With asynchronous data transfer, the transmitted data 
itself contains the synchronisation information, and no 
handshake signal is needed. The transmitted serial data 
comprises a start bit, which indicates the beginning of a data 
transmission, followed by serial data bits and then stop bits 
indicating the end of the transmission. An optional parity bit 
can be added between the serial data bits and the stop bit 
for parity checking. 

The receiver device detects the start bit and receives the 
subsequent data bits. This scheme requires that the 
transmitter and the receiver must have the same clock 
frequency. Asynchronous data transmission is used in most 
personal computers. The asynchronous standard is facilitated 
by a family of industrial peripheral ucs Known as the UARTs 
(Universal Asynchronous Receivers and Transmitters). The 
card in this prohject employs a 6402 UART. 


The format 
The format of the serial data transmission generated by 
UARTS is in four parts: a start bit, data bits, one parity bit, 
and at least one stop bit (see figure 2). When no data is 
sent, the transmitting data line is in the high state (2V-5V TTL 
level). The beginning of a data transmission is indicated by 
the line going low (0-0.8V TTL level) for the duration of 1 bit. 
This the start bit. The data bits are then sent out one after 
another with the least significant bit sent first. The length of 
the data bit can be 6, 7 or 8. Following the data bits is the 
parity bit, which is used to check for errors occurring in the 
data transmission, The last bits are the stop bits. The data 
line goes high for at least 1 bit, to identify the end of the data 
transmission. The stop bit can be 1, 1.5 and 2 bits in length. 
The serial data transmission format is generated by the 
electronics inside the transmitting UARTs. The electronics in 
the receiver detect the leading edge of the start bit. The chip 
then waits for one and a half bits before reading the data bit. 
The reading should therefore come exactly in the middle of 
the first data bit. Then it waits for one bit, and reads the 
second bit. This time the reading comes exactly in the middle 
of the second data bit. After completing the reading of the 
data bits, the electronics detects the parity of the received 


data for error checking, and resets itself during the stop bit to 
wait for the next data transmission. 

The rate at which data bits are sent is measured by the 
Baud rate. It is defined as 1/(the time between the shortest 
signal transition period) - see figure 2). The standard Baud 
rates for RS232 serial port are 110, 150, 300, 600, 1200, 
2400, 4800, 9600 and 19200. Knowing the Baud rate, the 
number of characters (or bytes) to be transmitted per second 
can be calculated. For example, if the serial data transmission 
has 8 data bits, no parity bit and 1 stop bit, the total length of 
serial data bits is 10. The transfer rate for characters is the 
Baud rate divided by 10; for example, a Baud rate of 9600 
transfers 960 characters per second. 

The parity check can be Odd, Even or None. The odd and 
even parity checks indicate that the total number of ones in 
the transmitted serial data is an odd number or an even one. 
This method is the simplest way of checking for errors during 
data transmission. However, it is only reliable for detecting 
single-bit errors. Errors with several bits may not be detected. 
The parity bit is generated by the electronics of the 
transmitting UART in such a way that the number of ones in 
the data bits plus the parity bit is odd or even as declared. 
Suppose we send a binary byte 01000011 (there are three 1s 
in the byte) from the computer to an external device and the 
parity has been declared as odd (the total number of ones is 
odd). The parity bit will be set 0, since the number of ones in 
these nine data bits is already odd. At the receiver end, the 
receiver must also be configured to have an odd parity 
check. The electronics in the receiver UART will count the 
number of ones in the received data. If the data does not 
have an odd parity, an error signal is generated indicating that 
a transmission error has been occurred. If parity check is 
declared as None, the parity bit will not be generated and 
checked. 


Line drivers and receivers for the RS232 
link 

The signal from the UARTs has a TTL level. A logic high 
corresponds to a voltage ranging from 2V to 5V and a logic 
low corresponds to a voltage between OV and 0.8V. Signals 
of this voltage level cannot be transmitted reliably over a long 
distance. To solve the problem, RS232 transceivers are used 
to boost up the voltage of the transmit signal from the TTL 
level to the RS232 level, which is substantially higher than the 
former. Receivers are used in the receiving device to convert 
the RS232 voltage level to the TTL level. This arrangement 
enables the RS232 interface to communicate over a 
maximum distance of about 30 meters. The voltage 
conversion between TTL and RS232 is facilitated by a family 
of industrial RS232 transceiver ics. The current project uses a 
MAX232CPD. All the RS232 transceivers have an inverting 
action. A TTL logic high is translated to -3V to -12V at the 
RS232 side, and a TTL logic low is translated to +3 to 12V. It 


A home-made Psion 3C serial cable 
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Figure 1: versatile RS232 I/O card connected to a Psion 3C palmtop 
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Table 1; the pin functions of the RS232 ports on PCs and Psions 


should be noted that, for IBM PCs, the voltage swing is from 
-12V to +12V, while for the Psion the output voltage swing is 
from -5V to +5V (not -12V to +12V). It can, however, receive 
an RS232 signal with a swing from -12V to +12V. 


RS232 interfaces on Psion 3Cs and PCs 
The RS232 port is a 15-pin male PCMCIA-type connector on 
the left-hand side of the Psion 3C/Sienna computers. 
Although it is not a standard version, the pins are the same 
as those in a standard RS232 port. As mentioned earlier, the 
voltage swing of the signal line is from -5V to +5V instead of - 
12V to +12V, but it does accept standard RS232 voltage 
levels. 

A cable is used to connect a Psion 3C/Sienna to an 
external device. The cable is screened 15-core with a 15-pin 
PCMCIA female connector at one end and a 9-pin D-type 
female connector at the other. It can be purchased with the 
PsiWin software package, or you can make one up yourself 
(see the construction section), Figure 3 shows the pin-outs 
of the RS232 port on the Psion, and of the D-type connector. 
The RS-232 interface on computers is a 25-pin interface 
housed in a 25-pin male D-type connector. An abbreviated 
version is also commonly used on PCs: this is a 9-pin male 
D-type connector. The pin functions of the connectors are 
shown in figure 4. The pin functions of the RS232 ports on 
PCs and Psions are summarised in Table 1. The signal 
transmission direction is related to Psion or PC computers. 


Operation of the RS232 port 

Data is transmitted from the computer via the TX line, and the 
computer receives data from external devices via the RX line. 
Handshake lines are used to manage data flow between the 
computer and the external device. RTS (active high) is issued 
by the computer to instruct the external device to prepare for 
a data transfer from the computer. CTS (active high} is issued 
by the external device to tell the computer that the external 
device is ready to accept data. RTS and CTS are used as a 
handshake for data transfer. DCD (active high) is issued by 
the external device to tell the computer that it has detected 
the carrier signal. DSR is generated by the external device to 
inform the computer that it is switched on. DTR is a signal 
generated by the computer to tell the external device that the 
computer is switched on and is ready to communicate with 
the external devices. DSR and DTR are used to indicate an 
established connection between a computer and an external 
device. 

A simple communication can be achieved between a 
computer and an external device using just three lines: TD, 
RD and GND. This simple communication scheme is the one 
adopted for the present project - all the handshake lines are 
not used; in fact, in order to use this scheme, the Psion and 
PC computers have to disable all handshake functions. 


Hands-on experiments with the Psion 3C 
Using a Psion 3C, users can conduct a simple experiment to 
find out how to use the RS232 port on the Psion 3C and to 
understand RS232 data transmission. The experimental set- 
up is shown in figure 5. The Psion 3C continuously transmits 
the same byte from the TX line of the RS232 port. The 
waveform of the TX signal can be viewed using an 
oscilloscope. Figures 5a to f show the waveforms for output 
bytes of 0, 1, 2, 64, 128 and 255. 

To output data from the RS232 port of a Psion 3C, use 
the following set-up: at the system screen (press the 
SYSTEM keypad), press MENU, then select SPECIAL and 


ELECTRONICS TODAY INTERNATIONAL 


WAITING | 
STAGE 
START 


LSB 


DATA © DATA 
BIT-O = BIT-1 


DATA ' DATA 
BIT-2 | BIT-3 


—— ae 


0.1042 ms 


PARITY WAITING 


STAGE 


/p— 


(Baud rate: 9600, Data bit length: 8, Parity: Even, Stop bit: 1) 
the waveform at the port connector pins is inverted 


Figure 2: the format of a serial data transmission produced by UARTs 
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Figure 3: the pin-out of connectors on the Psion 3C/Sienna serial cable 


COMMUNICATIONS. Next, make sure USE is set to either 
INFRARED or NONE (not LINK CABLE). This ensures that the 
series link is used solely by the user's program and is not 
used by other programs. If the serial port is used by the 
communication link, an error will appear when you run your 
program. 

After this, you are in full control of the RS232 port from 
your own OPL program. An OPL program which repeatedly 
outputs the same byte from the RS232 port is given below. 
This program first configures the RS232 port to the following 
specification: 


Baud rate: 9600; data bit: 8; stop bit 1; parity: none; 
handshake: none 


Then the program continuously outputs a byte to the RS232 
port. The program code must be typed in exactly as it 
appears here. A detailed explanation of the commands will be 
given later in the OPL programming section. When the 
program is running, the waveform of the TX signal can be 
viewed with an oscilloscope. 


PSION 8C OPL program listing, RS232TxX: 


PROC RS232TX: 
REM RS232 output test program 
REM communication setting: None or Infrared 


REM define local variables to be used in the 
program 

LOCAL term&,baud%$, parity%, data% 
LOCAL stop%, hand%, frame%, srchar% (6) 
LOCAL err$%, dummy% 

LOCAL outbyte% 


REM open RS232 port 
LOPEN *TTY:A”’” 


REM define RS232 configuration parameters 
REM RS232 setting: 9600, 8 bit, no parity, 
1 stop, no handshake 
baud%=15 : parity[percent}=0 
data [percent] =8 

stop%=1 : hand[percent] =4 
framet=datat-5 

IF stopt=2 frame%=frame$ OR 16 : ENDIF 
IF parity’ frame%=frametOR 32 : ENDIF 
Srchar$% (1)=baud% OR (baud% * 256) 
Srchar%(2)=frame$ OR (parity% * 256) 
Srchar% (3)=(hand$ AND 255)OR $1100 
Srchar% (4)=$13 


term&=&0 


REM configure the RS232 port using the above 
parameters 


err$=I10W(-1,7,srchar[{percent] (1), dummy) 
DO 

CLS REM 
clear screen 

FONT 8,8 REM 
set fonts 

PRINT “INPUT DATA ar 


INPUT outbyte% 
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(a) 9-pin male socket viewed from the back of the computer 
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(b} 25-pin male socket viewed from the back of the computer 


Pin functions of the RS232 connectors 
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Figure 4: pin-out and functions of the RS232 connectors on 
computers 
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Figure 5: experimental setup and waveforms of TX shown on 
the oscilloscope when outputting a binary byte from the 
RS232 port 


PRINT “TRANSMITTING...” 

PRINT “PRESS ANY KEY TO CHANGE NEW DATA” 

REM the following commands are repeated 
until a key is pressed 

DO 
REM to output data from RS232 port 

LPRINT chr$(outbyte%); REM output 

a byte to RS232 port 


UNTIL KEY$=CHR$ (13 REM if key is 


pressed, then stop 
UNTIL outbyte%[right arrow]=256 


The RS232 I/O card 

The circuit diagram of the RS232 card is shown in figure 6. 
In the diagram, IC1 (MAX232CPE) is the RS232/TTL 
transceiver; |C2 (CD4060) is the Baud rate generator and 
\C4 (CPD6402) is the UART. The card is connected to the 
RS232 interface via three lines: TX (transmit data), RX 
(receive data) and GND. 


CPD6402 UART 

The CDP6402 (Harris semiconductors) is a CMOS Universal 
Asynchronous Receiver/Transmitter for interfacing to 
asynchronous serial data channels. It has a programmable 
serial data format. It can have a length of 5,6,7, or 8 bits. 
The parity check can be odd, even or none. Stop bits can 
be 1, 1.5 or 2. The ic requires a power supply voltage of 4 
to 10 volts. The quiescent supply current is 1.5 mA for a 
supply voltage of 5V. 

The pin-out and the internal block diagram are shown in 
figure 7. Pin 21 is the Master Reset (MR), which should 
be at the logic low state in normal operations. Pins 35 
through 39 control the serial data format. To enable the 
control pins, pin 34 (Control Register Load, CRL) must be 
at logic high. A high level on pin 35 (Parity Inhibit, Pi} 
inhibits parity generation and check. It also forces the 
Parity Error (PE, pin 13) pin to stay low. When PI is low, a 
high level on Even Parity Enable (EPE, pin 39) selects even 
parity. A low level on EPE pin selects odd parity. Pin 36 
(Stop Bit Select) high selects 1.5 stop bits for 5-character 
format and two stop bits for other data lengths. If it is low, 
one stop bit is selected. Pins 37 (Character Length 
Selected, CLS2) and 38 (CLS1),select the data length: 
CLS1=0, CLS2=0 for five bits; CLS1=1, CLS2=0 for 6; 
CLS1=0, CLS2=1 for seven bits and CLS1=1 and 
CLS2=1 for eight bits. 

Pins 17 (Receiver Register Clock) and 40 (Transmitter 
Register Clock) are the clock inputs for the receiver and 
transmitter. The two inputs are driven by a clock which 
runs at 16 times the required Baud rate. They are normally 
connected together. 

Pin 20 (Receiver Register Input, RRI) is the serial data 
input. The received data is stored in the receiver buffer 
registers which are accessed via pins 5 to 12 (Receiver 
Buffer Registers). Pin 4 (Receiver Register Disable, RRD) 
should be low. When a datum is successfully received and 
loaded into the receiver buffer registers, pin 19 (Date 
Received) goes from low to high. It can be set to low by 
making pin 18 (-Data Received Reset) low. This enables 
the UART to receive the new data. Pins 13 (Parity Error), 
14 (Framing Error) 15 (Overrun Error) give the status of 
errors occurring during a data transmission and they are 
all high active. To enable these status outputs, pin 16 
(Status Flag Disable, SFD) should be low. 

Pin 25 {Transmitter Register Output, TRO) is the serial 
data output. Data to be sent is written into the transmit 
buffer registers via pins 26 to 33 (Transmitter Buffer 
Registers). When pin 23 (-Transmitter Buffer Register Load, - 
TBRL) goes low, the data is loaded into the transmitter buffer 
registers and when it goes from low to high, it loads the data 
into the transmitter register and initiates the serial data 
transmission. Pin 22 is Transmitter Buffer Register Empty. A 
high level on this indicates that transmitter buffer register has 
transferred data into the transmitter register and is ready for 
new data. Pin 24 is Transmitter Register Empty. A high level 
on this pin indicates the completion of a serial data 
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Figure 6: circuit diagram of the TS232 explorer card 


transmission. 

A receive timing sequence is shown in figure 8a. Data is 
received at the RRI input. When no data is being received, 
the RAI input must be high. At stage A, a low level on -DDR 
clears the DR line. At stage B, during the first stop bit of the 
transmission, the data is transferred from the receiver 
register to the receiver buffer registers. An overrun error 
accurs when DR has not been cleared before the present 
character is transferred to the registers. At stage C, half a 
clock cycle after B, DR goes high, indicating that a new data 
is received. A logic high on FE indicates that an invalid stop 
bit has been received and a logic high on PE indicates a 
parity error. If the UART operates in a continuous mode, 
DDR can be pulled down to ground. 

A transmit timing procedure is shown in figure 8b. At 
stage A, Data is loaded into the transmitter buffer register 
from the inputs TBR1 through TBR8 at the high-to-low 
transition on the -TBRL input. Valid data must appear on 
TBR1-TBR8 before and after the rising edge of -TBRL. If the 
data bit length is less than 8, only the least significant bits 
are used. At stage B, the rising edge of -TBRL clears TBRE, 
After a short delay, data is transferred to the transmitter 
register and TRE is low. TBRE goes to a logic high showing 
that the transmit buffer registers are empty. Output data is 
clocked out by TRC. The clock rate is 16 times the data 
Baud. At stage C, -TBRL goes from high-to-low-then-high 
again. This loads the second data to the transrnit buffer 
register, Data transfer to the transmitter register is delayed 
until the transmission of the current character is complete. At 
stage D, Data is automatically transferred to the transmitter 


registers and the transmission of the second data begins, 

In the present circuit, after the 6402 receives a valid data, 
DR goes high, The C9 is charged up and the output of the 
inverter, IC3, goes low. This resets the data receive register 
and enables the 6402 to receive new data. A low at -DRR 
also makes DR to become low. For transmitting data, -TBRL 
should be brought from low to high. -TBRL is programmable 
on the card using jumper wires. It can be connected to - 
DRR, OUT-O, OUT-1... OUT? or other signal sources. If - 
TBRL is connected to -DRR, every time the 6402 receives a 
valid datum, it automatically transmits a byte. If it is 
connected to OUT-O, the 6402 will only transmit data if OUT- 
0 goes from high to low and to high again. 


Baud rate generator 

The clock signal to the UART is generated by a circuit 
around a CD4060 (IC2) and a 2.4575-MHz crystal. From 
pins 7, 5, 4 and 6 of IC2, clock signals at 153.6kHz, 
76.8kHz, 38.4kKHz and 19.2kHz are generated which set a 
Baud rate of 9600, 4800, 2400 and 1200 for the UART. The 
Baud rate is selected by a jumper selector J2. 


RS232 driver 

The conversion of the voltage levels between the RS232 and 
TTL is achieved by the MAX232CPD (IC1). This chip requires 
a single +5V power supply and can produce the right voltage 
level specified by the RS232 standard. 


Power supply 
The power supply incorporates a 7805 (1A, 5V) voltage 
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Figure 7: pin-out and the internal block diagram of the 6402 UART 


regulator, which requires an 8-12V DC external power 
supply. The card consumes about 120mA, An 800mA fuse is 
used to limit the current usage by the external circuitry 
connected to the card. Figure 6 shows the circuit diagram 
of the power supply unit. 


Construction 

The |/O card is constructed on a single-sided PCB board. 
The component layout is given in figure 9. Before soldering 
the components on the PCB boards, a careful inspection of 
the PCB board must be excised to check if there are 
unwanted joints or cuts. Soldering may then begin. 
Components may be soldered onto the board in the 
following order: links, resistors, diodes, ic-sockets, 
capacitors, connectors, and so on. After soldering, another 
careful inspection must be carried out to check if there are 
some joins due to excessive use of solder and bad soldering 
points. Then ics can be inserted into the sockets. Before 
connecting the power supply to the board, check again that 
all the components are in the right place and the right 
orientation. This card does not require any adjustment, and 
should work straight away. 

When making the connection from the Psion 3C serial 
cable to the I/O board, care must be taken to ensure the TX, 
RX and GND lines are connected correctly. Pin 2 and pin 3 
of the D-type connector on the Psion 3C serial cable are TX 


and Rx, respectively. Pin 5 is the ground. If the card 
is to be connected to the serial cable of an IBM PC, 
pin 2 and pin 3 are the RX and TX. Pin 5 is the 
ground. 

The Psion 3C serial cable used for the I/O card 
can be constructed by you. You need a 15-pin 
PCMCIA cable assembly, which is available from 
CPG. The assembly has a PCMCIA connector 
which is inserted into Psion’s RS232 port. A 9-pin 
female D-type plug is connected to the assembly at 
the other end. Although the cable has 15 cores, 
only three lines (RX, TX and GND) are connected to 
the D-type connector. The connection details of 
these three wires are given in figure 10. All 
handshake lines are left unconnected. 


1/0 programming using the Psion 
OPL 

The Organiser Programming Language is a powerful 
Basic-like programming language: the program is 
fairly demanding to learn. There are about 260 
keywords; on the other hand, the extensive 
instructions enable users to write sophisticated and 
professional window-driven programs quite easily. 
Details of the language are beyond the scope of this 
article, but they can be found in the programming 
manual of the Psion 3a, 

The demo program listed below is a very simple 
program which allows user to type in a byte. Then 
the Psion 3C outputs the byte from the TX line of 
the RS232 port continuously. After each 
transmission, the Psion 3C reads data from the 
RS232 port and displays the data on the screen. 
Once the basic input and output through the RS232 
port is realised, it is up to the reader's imagination 
to write programs for other applications. 


Rare ER a ene 
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ba _ 
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{output) Parallel data 
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(b) Transmitter timing sequence 


Figure 8: (a) receiver timing sequence and (b) 
transmitter timing sequence 
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Psion 3C OPL program list, RS232IOTEST: 


PROC RS232I0TEST: 

REM PSION 3A OPL test program for RS232 
port and i/o port 

REM COPYRIGHT to Pei AN 

REM communication setting: None or 
Infrared 


REM define local variables to be used in 
the program 

LOCAL term&,baud%, parity%, data% 

LOCAL stop%, hand%, frame%,srchar%(6) 

LOCAL dl%, dummy%,err%,ret%, lent 

LOCAL outbyte% 


REM open the RS232 channel 
LOPEN “TTY:A” 


REM dedine RS232 configuration parameters 


REM RS232 setting: 9600, 8 bit, no parity, 1 
stop, no handshake 

baud$=15 : parity%=0 data%t=8 

stop%=1 : hand%$=4 term&=&04002400 

frame%=data$-5 

IF stop%=2 frame%=frame% OR 16 ENDIF 

IF parity% framet=frame$ OR 32 ENDIF 


Srchar%(1}=baud% OR (baud% * 256) 
Srchar%(2)=frame$ OR (parity * 256) 
Srchar%(3)=(hand$ AND 255) OR $1160 
Srchar$% (4) =$13 


REM configure the RS232 port using the 
above parameters 
errt=IOW(-1,7,srchar%(1), dummy%) 


REM PSION output the outbyte% from the 


port 
REM PSION input data 
DO 
FONT 8,8 
PRINT “INPUT NEW DATA ae 
INPUT outbyte% 
CLS 
PRINT “OUTPUT BYTE “, outbytet 
DO 
LPRINT CHRS (outbyte%) ; REM 
output data from PSION 
len$=1 REM number 
of data read =1 
reté=I0w (- 
1,1,dl{percent],len%) REM input data. It 


only read 1 data 


REM and assign the data to dal1% 
AT 1,3 7 
PRINT “INPUT BYTE “,dl1% 
REM display d1% which is the data input to 3C 
via serial port 
UNTIL KEYS=CHRS (13) 


UNTIL outbyte%>=256 


PCMCIA-type 15pin 
tamale connecter 


BAUD 
baud ® 


PARITY none} even rt 
parity% 


300 | 7200 


DATA 
data% 


STOP BITS 1 
stop% 1 


’ 7 
| 9600 | 19200 
s | 4 


Table 2: data for configuring various RS232 ports 
ENDP 


The ‘lOW(handle%, function’, variable1, variable 2)’ command 
is used to provide access to various devices inside the Psion 


J6 1/0 SOCKET ON BOARD 


8-PIN O-TYPE 
MALE CONNECTOR 


PC8 TO D-TYPE CONNECTOR 


Figure 9: the component layout and I/O socket pin-out 


TX, pin 4. wire colour: blve+gray 
RX. pw 8, wire colour: yellow + gray 
GND, pin 5. wire colour: black 


PCMCIA assembly {screened 15 coras) 
available trom CPC, Stock number: CN00842 


Figure 10: construction of the Psion 3C serial cable 


ELECTRONICS TODAY INTERNATIONAL 


42 


~ TX. Blue + gray 


3G. It opens a device driver with handles and performs the 
\/O operation function’ with two further arguments. The size 
and structure of these two arguments depend on the 
requirements of the particular device driver. 

When configuring the RS232 port, the handle is -1, the 
function’ is 7, the first argument is the serial port 
characteristic parameters group, srchar[percent](1) to 
srchar[%](5), and the second argument is dummy%. After 
running this command, the RS232 port is configured in 
accordance with the parameters specified by srchar[%](1) to 
srchar[%](5). In the program list above, the srchar[%]{1) to 
srchar3({5) are calculated from input variables: baud, parity%, 
data%, stop%, hand% and term&. To find the value for each 
RS232 characteristic, use Table 2. 


When reading data from the serial port, handle% is -1 and 
function’ is 1. A terminator mask (term&) may be supplied. 
This parameter allows users to specify one or more characters 
to be treated as terminating characters. The number of bytes 
to be received should be also specified. A reading terminates 
if a terminating character is received or if the number of bytes 
read is exactly the number of bytes requested. If term& is not 
supplied (that is, term&=8&0), the 3C terminates only if the 
number of bytes read into the 3C is exactly the number of 
bytes requested. In the present application, the input data is a 
binary data which could be any value from 0 to 255. The 
terminating character cannot therefore be used. The number 
of bytes to be received has to be set to 1. Consequently, the 
Psion 3C only reads one byte a time. Variablet is the variable 
which stores the value of the byte read from the serial port. 
Variable2 is the number of data to be read. Every time, the 
command is issued, a byte is read from the serial port and is 
assigned to variable1. You could then process the data. In the 
above example, this data is displayed on the screen. 


Testing 

After soldering, check all the joints and connections to make 
sure there are no shorts due to excess solder. Do not connect 
the power supply to the card until you have checked 
thoroughly that the board is properly constructed. Since the 
card is simple to construct and involves no adjustment at all, it 
will work straight away if all the ics are functional and properly 
located. To test the output of the ports, connect the card to 
the RS232 port of the Psion or PC via the RS232 cable and 
run the sample program. A logic probe can be used for testing 
the logic level of the outputs. If a logic generator is at hand, 
the input function of the card can be also tested. By 
connecting the eight output bits to the eight input bits, a loop- 
back test can be conducted. In this case, the data received 
by the Psion 3C will be equal to that sent out. 


Applications 
Constructing the card and writing a software driver will enable 
you to understand the RS232 port in depth. After 
construction, you can use the card for various PC interfacing 
applications using the powerful Psion 8C palmtop computers. 
Eight digital outputs, eight digital input lines and a 
regulated +5V power supply (800mA} are all available from the 
|‘O expansion socket, J6. A ribbon cable is used to connect 
the card to your application circuit. Some applications ideas 
are given below: 


A mobile data acquisition system with a PC link (the cable link 
or infrared); a mobile control system for home automation or 


for controlling laboratory experiments; a mobile heart beat 
monitor and analyser, for example. 

Technical support 

All components are available from RS Electromail or Maplin 
Electronics except the PCMCIA assembly which is available 
from CPC, Component House, Faraday Drive, Fullwood, 
Preston PR2 9PP, UK. Tel+44 1772 654455, stock no. 
CNO0842. The Psion 3C serial cable and PsiWin software 
package are available from Psion dealers. The PCB board is 
available from the author at a price of £9 and the ready-made 
Psion 3C serial cable for the |/O card is also available at a price 
of £16. A kit including all the parts is available from me. Please 
address enquires to Dr. Pei An. 11 Sandpiper Drive, Stockport, 
Cheshire, SK3 8UL, U.K. Tel/Fax/Ans: +44 (0)1614779583, e- 
mail: pan@fs1.eng.man.ac.uk. 


similar 

J1 3-way PCB connector 
J2 4-way dil PCB pins 
J3,4,5 2-way PCB connector 
J6 


20-way PCB dil male connector. . : 


11-way PCB sil socket 
. Fuse holder 
 .800mA fuse 
Heat sinks for 7805 power 


°2.4575MHz crystal oscillator 
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Prices are inclusive of post and packing in the UK. Overseas Post and 
Packing (if applicable): Add £1 per unit 


| enclose payment of £ (cheque/PO/money order in £ 
Sterling onty) to: : 

PCB Service, READERS SERVICES DEPARTMENT, Nexus Special Interests Ltd, 
Nexus House, Boundary Way, Hemel Hempstead, Herts HP2 7ST UK. 


UUUUUUUUOUUU 


Signature: ............ 


Card expiry date: ....0..0.0... es 


Medium Wave 


LOOP AERIAL 


Intended for the serious listener, Raymond Haigh’s inexpensive unit will greatly 


improve reception on the medium wave 


loop aerial is a standard item for the serious 

medium wave listener. Although the design 

described here has been prepared with the ‘High 

Performance Medium Wave Receiver’ (published 

in ETl 12 and 13 of 1997) very much in mind, it 
should work well with most receivers that have provision for 
the connection of an external aerial and earth. |t will also 
greatly enhance the performance of portables with internal 
ferrite rod aerials. 

Loop aerials have been used for medium wave reception 
since the early days of radio, They fell out of favour for 
domestic table sets during the 30s and 40s, but the 
introduction of ferrite materials at the close of the next decade 
enabled good signal pick-up to be achieved with a very small 
coil, and loop aerials wound on ferrite rods became standard 
fitments. 


Basic design 

The most important attribute of the loop aerial is its directional 
properties; in particular, its ability to null out an unwanted 
station or interference. This is not very pronounced in loops 
wound on ferrite rods because of the form and very small 
dimensions of the coil, and a larger, air-cored loop is required 
for serious medium wave listening. 

Maximum signal pick-up is obtained when the plane of the 
loop is at right angles to the advancing wave. When the loop is 
parallel to the wave front, equal and opposing voltages are 
induced in the loop windings and the output is, in theory, zero. 


DIRECTION OF MINIMUM 
RESPONSE (SHARP NULL) 


DIRECTION OF GREATEST 
RESPONSE (BROAD MAXIMUM) 


DIRECTION OF GREATEST 
RESPONSE (BROAD MAXIMUM) 


PLAN VIEW OF 
LOOP WINDINGS 
DIRECTION OF MINIMUM 
RESPONSE (SHARP NULL} 


Figure 1: the response pattern of a loop aerial 
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band, especially under difficult conditions 


The loop aerial from the front with the case assembled 


It is this feature that enables it to null out a signal. 

Figure 1 shows the response pattern of a loop aerial, The 
loop is viewed from the top or side, and it will be appreciated 
that the setting for a strong response to a signal is quite broad, 
but the null position is extremely sharp (in practice well within a 
degree of angular rotation). 

Signal pick-up is directly proportional to loop area and the 
number of turns of wire wound on the loop. Number of turns 
is, of Course, determined by the required frequency coverage, 
and care must be taken to keep the self-capacitance of the 
winding as low as possible or the tuning range will be 
excessively curtailed at the HF end of the band. A widely 
published loop design consists of six or seven turns of wire, 
wound to a 10mm pitch on a 1-metre square frame, and tuned 
by a 500pF variable capacitor. 

An aspect of loop design seldom touched upon is the need 
for it to tilt as well as rotate in order to obtain the deepest 
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The PCB and swtich assembly in the aerial 


The loop aeriai from the front showing the loop and PCB Detail of the tuning pots mounted on the case 
assembled 
for the home constructor incorporate a 


tilting adjustment. 

The sheer size of the standard 1-metre 
square loop militates against dual pivoting. 
Loops as large as this are certainly 
inconvenient to handle and rather out of 
place in a domestic setting. 

Windings can be arranged solenoid 
fashion or spirally, and it is claimed that the 
optimum width-to-diameter ratio of the 
latter improves directivity. In practice, 
however, little or no difference can be 
discerned between the two types. What is 
crucial is the symmetry of the windings 
(there must be a whole number of turns) if 


2mA LED 


L2 


TO RECEIVER 3 


Figure 2: a theoretical circuit of the ‘Q' multiplier the nulling properties of the device are to be 
realised. 
Traditionally, loops are connected to the 

possible null. Electromagnetic waves radiated by transmitters aerial and earth terminals of the receiver via a single turn 

reach the receiver by a number of paths: directly (line of sight), coupling winding and a short length of twisted flex or coaxial 
reflected up from the ground, diffracted around the earth’s cable. This results in an imperfect match to the 50 ohm input 
surface, and reflected down from the ionosphere. Because of impedance of modern communications receivers, particularly 
this, the vertical angles the advancing waves present to the when a large loop with a main winding of only six turns is 

loap vary considerably, and the positioning of the aerial in the involved, Field effect transistors, configured in a differential 
vertical plane is often as critical as its horizontal bearing when amplifier circuit, are sometimes used to make the energy 


searching for a null. Despite this, few, if any, designs published transfer more efficient. While some designers claim that this 
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Figure 3: the dimensions of the loop aerial 


arrangement enhances the directional properties of the loop, 
others advise against the inclusion of active devices in the 
signal path between loop and receiver, suggesting that cross 
modulation and other spurious response problems can arise. 

There is usually no wired connection between a loop and a 
transistor portable, the transfer of energy relying upon inductive 
coupling with the receiver's internal ferrite rod aerial. 


Design details 

Consideration of the above factors, and experiments with 
loops and associated circuits of various kinds, culminated in 
the design described here. At 380mm diameter, this loop is 
easy to handle and reasonably compact, and provision is made 
for tilting. Although signal amplifiers have been avoided, the 
inclusion of a 'Q’ multiplier circuit makes it possible to increase 
the signal output from the unit to a level where it is comparable 
to that of a much larger loop. Increasing 'Q’ enhances 
selectivity as well as sensitivity, and the reduction in bandwidth 
cuts the amount of atmospheric and man-made noise reaching 
the receiver (the wider the window is opened the more the dirt 
flies in). This feature is extremely useful in resolving weak 
signals under difficult conditions. 


Detail of the stand showing the circular protractor and a The circuit. 
hardboard pointer disc at the base The circuit of the unit is given in Figure 2. The eighteen-turn 


ELECTRONICS TODAY INTERNATIONAL 
49 


The stand before the rotating column, aerial case and 
counterweight are mounted 


main winding, L1, is tuned by variable capacitor C2. An integral 
trimmer, C1, sets the upper limit on the HF coverage. 

Field effect transistor Q1 buffers the signal voltage across the 
resonant circuit and feeds a portion back, in phase, via the 
single-turn feedback winding LS. This positive feedback, or 
regeneration, enhances the ‘Q' of the tuned circuit and signal 
magnification and selectivity are very considerably increased. 
Full control over the amount of feedback, from zero to the 
point of oscillation, is provided by potentiometer R3, which 
varies the voltage on the drain of Q1. Smoothing capacitor C5 
eliminates potentiometer noise. 

A low value coupling capacitor C3, together with C4 and 
R2, ensure that the action of the ‘Q’ control is smooth and 
completely free from backlash. The value of C4 has been 
determined experimentally to ensure that its setting is as 
constant as possible over the full swing of the tuning capacitor. 
R2 is pre-set to suit the characteristics of the particular FET 
used, and its adjustment is not critical. 

Equipment of this kind can be inadvertently left switched on, 
and low-current LED, D1, makes use of the current flowing 
through the ‘Q' control potentiometer chain to provide a visual 
indication. Series resistor R4 sets the voltage across the 
potentiometer. On/off switch S1 controls the 9V supply. 

The loop and associated circuitry are completely ‘floating’. 
Connection to the receiver is via the single turn coupling loop 
12. 


Components 

The only item requiring comment is the tuning capacitor. A 
component with a low minimum capacitance (not more than 
10pF) and a maximum capacitance of at least 365pF is 
needed to secure full coverage of the medium wave band. An 
inexpensive Toko polyvaricon solid dielectric variable is fitted in 


the prototype unit. With one of its FM and one of its AM gangs 
connected in parallel, a 10 to 365pF swing is achieved. 
Trimmer capacitor C1 is integral with this unit, which is retailed 
by Cirkit, who supply a suitable extender for the short spindle. 

Front-end ‘Q' multiplying circuits can be microphonic when 
critically adjusted, and the solid dielectric in the Toko capacitor 
inhibits this tendency. (The prototype unit did not display any 
problems of this kind.) 

The remaining components and construction materials are 
widely available. 


Construction 

Details of the loop are given in Figure 3 and the photographs. 
A 380-mm diameter hardboard or MDF disc supports the 
windings. Cut 33 radial slots, each 25mm deep, around the 
circumference to accommodate L1. (The slots are spaced a 
trifle less than 11 degrees, and ‘tight’ setting out to this angle 
should result in even spacing). 

Drill 1-mm diameter anchor holes at the top and bottom of 
one of the slots, and wind on 18 turns of 22 SWG enamelled 
copper wire, weaving it ‘in and out’ of the slots, basket 
fashion. Keep the turns tight and space them as evenly as 
possible. This form of winding is necessary in order to separate 
the turns and reduce the self-capacity of the coil, and an odd 
number of slots must be cut to produce the basket-weave 
effect. 

Draw an inner concentric circle, 70mm in diameter, and drill 
twelve, 1-mm diameter holes around its circumference. Thread 
22 SWG enamelled wire ‘in and out’ of these holes to produce 
the coupling winding L2. 

Draw a 130-mm diameter circle, drill eighteen 1-mm 
diameter holes and repeat the process to produce feedback 
winding L3. 

Drill a 6-mm diameter hole for the output leads, close to the 
ends of L2, and mount a three-way tag strip over it. Solder the 
ends of L2 to the outer tags. 


Spacing the turns of L1 
The upper frequency limit of the medium wave band is usually 
taken as 1600kKHz. However, in Europe, Africa and the near 
and Middle East, transmissions extend up to 1620kHz. 
Australia boasts low powered transmitters working at 
1720kHz, and stations in the USA have, fairly recently, begun 
to operate at frequencies up to 1700KHz. In the UK, cordless 
‘phones use channels between 1600 and 1700kHz. 
Notwithstanding the possibility of interference from this 
allocation, it is clearly desirable to extend loop coverage up to 
1700kHz. 

This can only be achieved by carefully spacing the turns of 
L1 in order to reduce the self capacity of the winding. Using 
the tip of a small screwdriver, ease the winding segments on 
both sides of the disc apart, and take care to ensure that 
adjacent turns don't touch where they cross in the slots. Half 
an hour spent on this task increased the HF coverage of the 
prototype coil from 1600 to 1750kHz. 

Apply ribbons of Durofix or some similar general-purpose 
tube glue across the turns to keep them in place. 


The ‘Q’ multiplier. 

Most of the components, including the loop tuning capacitor, 
are mounted on a small PCB. The layout of the component 
side of the board, and details of the off-board wiring, are given 
in Figure 4. Vero pins inserted at the lead-out points will ease 
the task of off-board wiring. 
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Initial testing 

Loop and ‘Q’ multiplier can be tested before being mounted 
on a stand. Check the PCB for bridged tracks and poor 
soldered joints, and check the orientation of D1, TR1, C1 and 
C2, and C5. If all is in order, set R2 to half-travel and connect 
up a fresh 9V battery. Current consumption should be around 
3mA. 

Connect the loop to the PCB and prop it in a vertical 
position. Connect L2 to the receiver with a short length of 
twisted flex (not much more than 1 metre), and tune the 
receiver to a station around the centre of the dial. Set C2 to 
resonate the loop at the same frequency. 

Switch on the ‘Q' multiplier and advance R3. The increasing 
selectivity will expose any inaccuracies in the setting of the 
tuning capacitor, and it may have to be adjusted slightly to 
peak the output from the loop. Gently advance R3. If the 
transmission is reasonably strong, the ‘S’ meter pointer should 
be moving across the scale now. Band noise should reduce, 
then the upper audio frequencies will disappear and, finally, the 
audio will become muffled just before the onset of oscillation. 

Set R2 to the highest possible resistance consistent with 
‘Q' control R3 being able to just bring the system into 
oscillation at any setting of the tuning capacitor. Six different 
specimens of 2N3819 were tried in the prototype. All enhanced 
the ‘Q’, but one failed to oscillate with the component values 
shown. If advancing R3 produces no increase in loop output, 
check that L3 has been connected, as shown, to inject 
positive feedback. 


Tuning and hand-capacitance 

The initial test will reveal that loop tuning is critical when the ‘Q’ 
multiplier control is well advanced, and the tuning capacitor 
must be fitted with a reduction drive. Most loop aerials are 
prone to hand-capacity effects, but this unit is comparatively 
free from problems of this kind. An insulated extension (40mm 
waste cut from a plastic potentiometer shaft), fitted to the 
tuning capacitor, almost eliminates the effect, even when ‘Q' is 
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Figure 4: the component layout of the PCB, and the offboard wiring 
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The aerial mounting used on the prototype, showing the angle 
adjustment and the counterweight 


BATTENS SCREW FIXED TO BACK OF AERIAL CASE 
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Figure 5: a side view of the aerial assembly, with dimensions 


set high. Any residual traces when the loop is tuned to the HF 
end of the band can be eliminated by earthing the metal 
reduction drive and the case of the ‘Q’ control potentiometer. 

NB: no other parts of the loop or its circuitry should be 
earthed, or its performance will be impaired. The centre 
contact on the lead-out tag strip can be used to anchor the 
earth wire, and the earth connection made via the screening 
braid of the cable between loop and receiver. 


Simple loop mountings 

The loop cannot be used without an adjustable mounting. The 
method adopted will depend on the time and resources of 
individual constructors, It need not be complicated. A 50 x 50-mm 
softwood post, screwed to a 250 x 250-mm blockboard or 
chipboard base, and free to rotate, will act as a vertical pivot. The 
loop disc can be attached to the top of this post by a stiff hinge to 
provide a means of tilting it. 

The ‘Q’ multiplier PCB, the various controls, and the battery 
must be mounted as close as possible to the loop and be rigidly 
fixed to it. A metal or plastic box could be used to house these 
parts, and it could be slung just beneath the loop on plastic or 
wooden battens. If a metal case is used, it should be earthed. 

This basic arrangement was adopted for the initial testing, and 
it worked tolerably well. It soon became clear, however, that in 
order to make the most of the loop's potential, and maximise the 
pleasure of using it, a more elegant mounting is required. 


Case construction 

Figures 3, 5 and 6, and the photographs, show how the prototype 
loop is housed and mounted. A little more time and effort (but very 
little cash) will be required to duplicate these arrangements, and 
no doubt individual constructors will have some excellent ideas for 
improving on them. Bearing in mind that the only comparable 
commercial loop (which is somewhat smaller than this unit} retails 
in the UK for around £350, the extra time and effort spent on 
these refinements is worthwhile. 


The loop case 

The loop case consists of a hardboard tray with 35-mm deep 
plywood sides. Back and sides are glued and pinned together: the 
front is held in place by screws to facilitate access. Softwood 
blocks permit the rounding of the corners, and the lower end is 
extended and tapered to accommodate the PCB and controls, 

The loop is spaced off the back of the case by four softwood 
blocks, 15-mm thick, and a compartment for the battery is 
accessed from the rear. 

Because the loop sometimes has to be rotated away from the 
operator, the controls are best brought out through the lower end 
of the case rather than the front. Arranged in this way they can be 
operated fairly easily with the loop in any position. Dials are useful 
rather than essential. On the prototype, these were made from 
thick discs of ply cut out with an electric drill-powered hole-saw. 
Lids from small tins or jars would probably serve just as well. 


The stand 
The vertical pivot needs to be elevated if the loop is to rotate 
smoothly and without judder. It is formed at the top of a length of 
25-mm dowel or broom handle, which is glued into a substantial 
base. A plywood box coiumn is pivoted on, and rotates around, 
the dowel. Use a bolt for the top pivot, and form the hole for the 
bottom bearing around the dowel with the hole saw. (This tool can 
also be used to form the dowel hole in the base.) 

Some form of counterbalancing is required for the loop case, 
and a horizontal arm, comprising another box member, carries the 
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ioop at one end and a counterweight at the other. Two bolts pivot 
the arm at the top of the column, and wing nuts control the friction 
of these bearings. Tapered battens strengthen the fixing between 
the arm and the back of the loop case. A burnt out mains 
transformer or a tin filled with scrap lead will act as a 
counterweight. (An old iron ball was used in the prototype. 
Located at a distance of 300mm, the mass of metal did not affect 
the performance of the loop.) 

Some means of measuring the horizontal and vertical position 
of the loop is helpful. Fix a circular protractor to the base and a 
hardboard pointer disc to the underside of the rotating column. 
There must, of course, be a.millimetre or so clearance between 
protractor and pointer disc. Fine adjustment of the clearance can 
be made by placing washers on the top pivot bolt. If the centre of 
the protractor is drilled or cut so that it can rotate around the 
dowel or another hardboard disc, it can be set with 0 degrees 
pointing north to make bearing calculations easier. 

Cut a semicircular protractor into two quadrants and sandwich 
a slip of paper between the pieces to produce a readable means 
of measuring the tilt angle. This is fixed at the rounded top of the 
rotating column, and a pointer is secured to the horizontal arm. 

Plywood for the column, arm, and battens should be at least 
9mm thick, and parts should be glued and screwed, or glued and 
pinned, together. 


Finishing the case 

The loop case, plywood dials and hardboard pointer disc were 
sprayed satin black with car paint. The stand parts were stained 
and French polished, but a few coats of clear satin varnish would 
have served just as well. The tuning dial is best calibrated, after 
the final setting up process, by matching it to the receiver dial, 
Rubdown transfers were used to annotate the dial and form the 
pointers. 


Connecting the loop 

For best results, link the loop to the receiver by means of twin 
screened cable. The cable's inner cores connect the ends of the 
coupling coil L2 to the floating input on the ‘High Performance 
Medium Wave Receiver’, or to the aerial and earth terminals on 
other receivers. The outer screen is connected to earth at the 
receiver. 

The loop has been checked out on a high performance 
communications receiver with an unbalanced 50o0hm input, and it 
worked well. Damping caused by the low input impedance did not 
inhibit the operation of the 'Q’ multiplier. Experiments with 
impedance matching transformers wound on dust iron toroids did 
not reveal any discernible improvement over the direct connection 
of the coupling loop. 

Portable receivers should be placed in close proximity to the 
loop with the coils on their internal ferrite rods parallel to it. Small 
portables can be rested inside the counterbalance arm. 


Using the aerial 
Loop tuning must, of course, be kept in step with main receiver 
tuning, and the ‘Q’ multiplier control is best switched off while 
band browsing in order leave selectivity as wide as possible. When 
using the loop, always switch any aerial attenuators out of circuit. 
it will be found that perfect nulls cannot be obtained on alll 
signals (the BBC and commercial operators transmit the same 
programme material, on the same frequency, from a number of 
locations). Careful adjustment of the horizontal and vertical 
bearings of the loop will, however, usually result in a deep null 
when the signal is being received from a single source, and the 
drop of the ‘S' meter pointer will be sudden and pronounced. 
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Figure 6: a section through the vertical column of the aerial 
stand 


Local electrical interference and interference from different 
stations on the same or adjacent channels can usually be nulled 
out, and this is the loop's main virtue. Sometimes, nulling out a 
strong signal will reveal a more distant station operating on the 
same frequency. 

Selectivity is greatly increased by advancing the ‘Q’ multiplier 
control, and bandwidth can be reduced to the point where the 
signal loses intelligibility, A slight shifting of loop tuning then 
enables clear reception to be obtained from one or other of the 
transmitted side bands. This sometimes improves reception under 
difficult conditions. Reducing bandwidth also improves the signal- 
to-noise ratio. 

Signal magnification, that is, loop output, is greatly increased 
when the ‘Q’ control is advanced, and weak signals can be lifted 
right out of the noise. When a station has been accurately tuned 
in, operation of the ‘Q’ multiplier control is extremely smocth, 
completely free from back lash, and has no perceptible effect on 
the setting of the tuning control. 

When ‘Q' is turned up, the loop will ‘pull’ the tuning of 
portables and simple receivers (that is, the loop, not the receiver, 
will determine, within narrow limits, what station is received). 

Don't operate the loop in close proximity to computers, 
television receivers, fluorescent lights and other sources of radio 
interference. In this connection, it should be noted that the digital 
circuits driving the frequency displays of some communications 
receivers can radiate quite strong interference. (The internal circuits 
of the receiver are appropriately screened.) Bringing the front panel 
of the receiver close to the loop will expose any problems of this 
kind. Sometimes the arrangement of house wiring and metal 
conduits in the vicinity of the loop will impair its nulling properties. If 
this is suspected, try the loop in another room or, better, in the 
garden. 

A compass to set the bearing protractor and conventional and 
great circle maps will assist in seeking out and identifying stations. 
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_ Bargraph Module 


Terry Balbirnie continues a series of adaptable circuits for GCSE projects with a 
voltage-sensitive Bargraph module based on the LM3914 display driver 


n this series we are describing some electronic 
modules that will be useful to students of GCSE 
Technology and those following similar courses at 
school or college. The circuits may be used as a 
basis for practical projects. 

All the designs are given as a circuit diagram and a 
stripboard (Veroboard) layout. Details such as what the circuit is 
to be used for and how it will be built into a box are left for you 
students to apply to your needs. 


Drawing a graph 

This month we shall describe a Bargraph module. This 
responds to a voltage applied to its input, and lights up one of a 
row of LEDs according to the value of this voltage. The 
sensitivity is adjustable using a preset potentiometer on the 
circuit panel. The most sensitive setting is 0.125V per LED - Figure 1: the circuit of the Bargraph module 
that is, it requires 0.125V to light the first one, 0.25V for the 
second and so on up to 1,25V for the last. With the component 
values stated, the least sensitive setting corresponds to about 


3V per LED - that is, the first one operating at 3V and the last conduct and no current would flow, 
one at 30V, The circuit centres on IC1, an LM3914 bargraph driver ic. 

The display used in the prototype was a commercial This is a complex device which contains a set of ten op-amps 
package consisting of ten LEDs arranged in the form of connected as voltage comparators. The inverting inputs are all 
horizontal bars, so that a small voltage will light up the first bar connected together and receive a voltage from the external 
and increasing voltages will light up successive ones. It would source applied to pin 5. The non-inverting inputs are connected 
also be possible to use separate LEDs. This would involve a lot to a resistor chain. The top end of this is connected to a 
more building work, but it would have the advantage that precision on-chip 1.25V reference. The chain of resistors 
different colours could be used, so that the first LEDs to light provide a set of potential dividers which apply fractions of the 
could be green, followed by yellow, orange and red (for reference voltage to each of the ten op-amp non-inverting 
example). inputs. These fractions increase in 0.125V steps. With no 

The finished circuit could be used to indicate the output voltage applied to pin 5, all non-inverting inputs are at zero 
voltage of a power supply unit. It could also be used to check voitage, so all the op-amps will be on. As the voltage applied to 
the voltage of a car-type battery to give an indication of its state pin 5 increased form zero to, say, 1.3V, the non-inverting input 
of charge. It could also determine the state of standard throw- voltage of each op-amp will exceed the voltage applied to its 
away batteries and nickel-cadmium cells. A further use would non-inverting input and the output will switch off. This will allow 
be to display sound levels by connecting the input to the current to sink through the LED connected to it. This will 
headphone socket of a personal stereo. The circuit will respond happen at 0.125V, 0.25V, 0.375V etc. up to the reference value 
to the positive peaks of the ac input. The negative excursions of 1.25V. 
will have no effect. Pin 9 is the “mode pin”. If it is left unconnected as shown, 

A novel use for the circuit would be to sense position or the display will be in “dot” mode. This means that as each 
movement by using the object to rotate the sliding contact of a successive LED bar lights up, the one before it will go out, In 
potentiometer which would vary the voltage applied to the fact, there is a small crossover where two bars may be on at 
input. In that case, you would need to obtain the supply for the the same time. 
potentiometer from a voltage regulator, because the circuit By connecting pin 9 to supply positive, the display will enter 
responds to absolute voltage levels, “bar” mode. Here, the display will look rather like a 

. thermometer. As each successive bar lights up, those before it 
The circuit will remain on. Although other approaches are interesting and 
The circuit for the Bargraph module is shown in figure 1, The possibly a subject for experiment, using a practical circuit in dot 
device requires a supply of its own, and any battery having an mode is strongly advised because it has certain advantages. 
output of between about 6V and 9V will be found to work well. The most important is that only the current for one LED is 
Diode D1 provides protection to the circuit if the battery were to drawn from the supply at any time. If bar mode were used, with 
be connected with the wrong polarity, as it would then not all ten bars lit, the current requirement would be considerable 
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and this would quickly drain the battery. A further point is that 
the power required for this could exceed the limit of IC1 (about 
600mW) and it could be destroyed. 

The circuit would not be very versatile if the input voltage 
had to lie within the “basic” range set by 1C1, that is, 0.125V to 
1.25V., Preset potentiometer RV1 is therefore used to scale 
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the back of the stripboard, showing cutouts 
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down the input voltage so that, with any voltage within range, it 
will apply the basic voltage to pin 5. 


Construction 

The topside stripboard layout (component side view) is shown in 
figure 2. As shown, the LEDs will light from the top. It will need 
to be turned upside down if the bars are to progress from the 
bottom. 

There are a large number of inter-strip links and a few track 
breaks needed in this circuit. Begin with the track breaks then 
solder the link wires in place. If the circuit does not work, it is 
almost certainly due to a strip not being properly broken, a break 
or link wire being left out or a blob of solder or particle of copper 
bridging adjacent copper tracks. Note how all strips to the right- 
hand side of IC2 (pins 11 to 20) are connected together and 
taken to the positive supply rail. This is done by soldering a 
piece of connecting wire on the copper strip side of the circuit 
panel as shownlin the diagram. 

Solder the ic:sockets and all other components in position, 
Take care to mount diode D1 with the correct orientation. Solder 
battery connectors to the “+9V" and one of the “OV” points. 
Solder short pieces of wire to the “+Vin” and the other “OV" 
point. Adjust RV1 to approximately mid-track position, which will 
give medium sensitivity to start with. . 

Insert (C1, taking care over its orientation. This is a CMOS 
device and could be damaged by static charge on the body. To 
make sure this does not happen, touch something which is 
earthed - such as a water tap - before handling the pins. Insert 
the LED display (this is labelled IC2, although it only contains an 
array of LEDs). It seems that the only simple way of identifying 
which way round this should be placed is to look at the lettering 
on the side, This should be placed to the right. If the circuit 
does not work at the end, it may be that it is the wrong way 
round. 
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Capacitors C1 and C2 promote stability, They bypass the 
small amount of alternating current which could be induced in 
the wiring and this could cause several LED bars to flicker on at 
the same time. 


Testing 

Connect a 6V or 9V battery. Apply a 9V battery to the “Vin” wire 
(positive) and the inner OV wire (negative). If the wires are connected 
the wrong way round, nothing will happen. You should see one of 
the bars light up. By adjusting RV1, it should be possible to make 
others do so. If more than two bars are lit at the same time, try 
increasing the value of C1, C2 or both. 

The input is protected and no harm will result if the voltage being 
measured is either connected in the wrong sense or is too high. An 
applied voltage above the range will simply keep the tenth bar 
operating. 

Resistor R3 determines the brightness of the LEDs, and this will 
hardly vary with changes in supply voltage. The value stated should 
work well. 


Sensitivity adjustment 
With RV1 sliding contact tured fully anti-clockwise (as viewed from 
the left-hand edge of the circuit panel}, the circuit will be as sensitive 
as |C1 will allow - that is, 0.125V per bar. Here, the input voltage is 
effectively connected direct to pin 5 via resistor R2. This resistor 
normally has virtually no effect. However, if an excessive voltage 
were to be applied to pin 5, it would limit the current entering pin 5 
and no harm would result up to a few tens of volts. With RV1 sliding 
contact rotated, a potential divider is formed which effectively scales 
down the voltage applied to pin 5, RV1 does not behave in a linear 
way but, with the values shown and with maximum rotation the 
sensitivity of the prototype was 3V per LED. 


| DSP Comms Chip Requires Fewer 
| Support ICs 


The DSP16000 from Lucent Technologies Microelectronics 
Group is a new-generation digital signal processing core for 
applications such as cellular telephones, multi-channel modems 
and, in the case of the first device, the DSP16210, wireless base 
stations, The 16210, which has a large on-chip RAM and so 

| requires no external memory, is expected to lower the cost of 
wireless base stations by reducing the number of chips required 
in future base stations. 

Features of the DSP16000 core include dual 32-bit access in 
one cycle, dual MAC in one cycle and mixed signal 16/32-bit 
ISA (instruction set architecture) for high performance with 
reduced code size. The core also has a system cache for ultra 
low power, extensive support for high-level languages, and is 
source code backwards-compatible with the Lucent DSP1600 
range of comms DSPs. The core includes a dual MAC 
architecture, 62k x 16 SRAM, DMA on the host port (PHIF) and 
serial port (SIO). The peripheral mix includes DMA |/O and direct 
connection to E1, 11 and TDMA interfaces common in 
infrastructure architectures. The DSP 16000 gives sufficient 
performance at 2.7V, say Lucent, to implement at least four 
complex speech coders, such as GSM, HR or EFR), and many 
channels of error correction, equalisation or modems such as V.34. 
Lucent Technologies designs, builds and delivers public and 
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private networks, comms systems and software, consumer and | 
business telephone systems and microelectronic components, 
The R&D arm of the company is Bell Laboratories. 

For more information contact the Lucent Technologies 
Dataline at Tel 0118 932 4299 Fax 0118 932 8148 or Simon 
Cosgrove, Lucent Technologies Microelectronics Group, 
Microelectronics House, Broad Lane, Bracknell, Berks RG12 
9GX. Tel 01344 865910 Fax 01344 865923. Web 
www.lucent.com/micro . 


Adaptable, affordable - handy circuits for around £5. By Owen Bishop 
8. A Digital Die 


ere is a die that shows all the expected faces, given resistor and capacitor values, the outputs of these stages 
from 1 to 6, but does not have the irritating habit cycle through the binary states O (000) to 5 (101) at just about 
of rolling off the table and under the sofa just as the right rate to make the display impossible to follow. The 
the game is getting exciting. The die consists of a next part of the circuit consists of logic gates connected so as 
square black box bearing seven red ‘dots’ to light up the appropriate LEDs at each state. What we need 
(actually LEDs). When battery power is supplied, the display of to do is set out in the following table; figure 2 (the stripboard 
dots repeatedly cycles through all the conventional dot layout) shows the numbering of the LEDs: 
patterns, but runs so quickly that you have no time to 
recognise them. When the button is pressed the display halts Decimal Binary Display LEDs to be 
at one of the numbers. Release the button and off it goes State State value lit up 
again. CBA 
0 000 1 4 
1 001 2 1,7 
How it works 2 010 3 1,4,7 
3 011 4 1 2,8, F 
The display is driven by a counter (IC1 in figure 2), which has a 4 100 5 1:2, 4,'6,, # 
built-in oscillator. The counter has 14 stages but we use the 5 101 6 1,2, 3, 5, 6, 7 
outputs from only three of these, stages 5, 6 and 7. With the 6 110 
Reset to 1 


All the logic is done with two 
types of gate. The NAND gates 
(I\C2) give a low output (1) when 
and only when both of their inputs 
are high. The NOR gates (IC3) 
give a high output when and only 
when both of their inputs are low. 
The function of the buffer gates 
(IC4) is to provide enough current 
to drive the LEDs. Because these 
are inverting buffers, they need a 
low input to turn the LEDs on. 
The table shows that LEDs 1 
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Figure 1: the back of the stripboard layout 
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IC2 = 74HCO0 
IC3 = 74HCO2 
IC4 = T4HC49 


TO +9V: 


IC1 PINT6 
C2 PINT4 
IC3 PINTS 
\C4 PINt 


TO OV: 
IC1 PINS 
1c2 PIN? 


iC3 PINT 
(C4 PINB 


Figure 2: the circuit of the Digital Die 


and 7 always come on together, so we can control these from 
a single buffer. The same applies to LEDs 2 and 6, and LEDs 3 
and 5, LED 4 operates on its own. The table shows that LED 4 
is to be on when digit A is low, This makes the logic very 
simple; the buffer for LED4 (4b) is connected directly to the A 
logic line. 

LEDs 3 and 5 are slightly more complicated. They are to be 
on only at state 5. This state is distinguished by the fact that A 
and C are both high during this state, but not in any other 
state. ‘Both high’ implies using a NAND gate (2c). When A and 
C are both high, the output of 2c goes low; this logic low is fed 


Figure 3: the stripboard layout of the Digital Die 


to the buffer (4c), turning on LEDs 3 and 5. 

LEDs 2 and 6 need even more elaborate logic. They are 
to be on for states 3 to 5, that is when A AND B are high 
OR when C is high. Gate 2d takes care of the AAND B 
logic, except that its output is low when this state occurs, 
We use gate 2g with its inputs wired together to act as a 
INVERT (or NOT) gate and turn this low into a high. Then we 
use gate 3c to OR this with the state of C, to give a low 
when (A AND B) OR C occurs. The low supplied to buffer 4a 
turns on LEDs 2 and 6. 

LEDs 1 and 7 must be on when all outputs are low. To 
make use of the gates available, we take the opposite 
viewpoint and say that they must be on when A OR B ORC 
are high. Gate B looks for high B OR C and goes low when 
this happens. Gate 3d changes this to a high. Gate 3a goes 
low when it receives a high from gate 3d OR a high directly 
from A. The resulting low, arriving at buffer 4d, turns on the 
LEDs. 

If we let the counter continue beyond stage 5 it goes 
through stages 6 and 7 giving us an extra 5 or 6 in each 
cycle. The die is loaded! To prevent this, we reset the 
counter immediately it goes into stage 6, as soon as both 
digits B and C are high. We detect this with the fourth 
NAND gate (2a), and use a buffer (4f) to invert its low output 
to give a high pulse to reset the counter. 


Construction 

The circuit is most conveniently assembled on a single piece 
of stripboard with the display at one end (figure 3). But you 
can adapt the design to put the display on a separate 
board. You can use larger, jumbo-sized LEDs, but we 
preferred ‘dot’ LEDs, which are cylindrical and 3mm in 
diameter. The circuit is powered from a 9V battery, such as 
6 AA cells in a battery box or a 9V PP3 battery. It also runs 
at 6V, in which case you need to reduce the value of R3-R6 
to 270 ohms. 

Begin with |C1, its associated resistors and capacitor and 
the push-button S1. Leave a few millimetres of the leads of C1 
showing above the board, to make it easier to connect another 
capacitor in parallel with C1 when testing (see below). Note 
that some of the copper strips are NOT cut beneath the ics 
(though they are all cut beneath IC1) or between one ic and its 
neighbours. This helps reduce the number of wired 
connections required. Also note that we have used solder 
blobs in some places, to make connections between adjacent 
copper strips. The best technique is to build up a large blob on 
each side of the intended join, then let the blobs cool. Finally 
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touch the soldering iron to both blobs simultaneously and apply a 
little solder across the gap. 

When IC1 is assembled, temporarily connect pin 12 (reset) to 
ground and use a testmeter or digital probe (from an upcoming 
Fast Fiver, for instance) to check that the oscillator is working at a 
suitable rate. You should see the meter needle (yes, an old- 
fashioned analogue meter or a digital meter with analogue display 
is best for this kind of testing) flickering rapidly on all pins 4 to 6. 

Next assemble IC1 and |C2, including the inter-pin blobs at 
F34/G34 on IC2 and at E29/F29 on IC3, Remember that the 
pinout of the four gates in the 74HCO2 is entirely different from 
that in the 74HCOO, so check back to the pin numbering in figure 
1. IC4 comes next; gate 4e is a spare and, in order not to leave 
it with its input floating, it is connected to the output of gate 4c by 
means of the copper strip left uncut at H19. 

At this stage you could use a testmeter or digital probe to 
confirm that everything is working properly. It helps to connect a 
larger-value capacitor {for example, a 10 microfarad electrolytic) in 
parallel with C1 to slow down the rate of cycling. Or you may 
prefer to carry on and complete the wiring of the resistors and 
LEDs before testing. A heat shunt is strongly recommended 
when soldering the LEDs. Unfortunately, not all manufacturers 
keep to a standard way of indicating which wire is the anode and 
which is the cathode. Before you begin to solder in the LEDs, test 
one with a 1.5V cell or with a higher voltage and a series resistor 
(QV and 470 ohms) to see which way round they should go. 

The appearance of the display is improved by fitting a small 
square box around the LEDs, to make them look like the dots of 
a typical die. When all is ready, connect the battery and watch the 
LEDs flicker. To ‘shake’ the die, press and hold S1. There is no 
way of telling what stage the counter is at when the button is 
pressed so the ‘throw’ is in effect random. 


; Putting Scanners into Practice 


86 kilohmn::: 
R3 - R6 470 ohm (4 off) 


Capacitor 
C1 100 nF, polyester. 
Semiconductors 
Ici 4060 CMOS 14-stage counter 

oscillator 

74HCO0 CMOS quadruple 2- 

input NAND gate 

74HC02 CMOS quadruple 2- 

input NOR gate 

4049 CMOS hex inverting buffer 
_ Light-emitting diodes, preferably 
‘dot’-shaped 


+ IST SLAY. 


push-button 
4mm (13 strips x 48 holes), 

n dil sockets (2 off), 16-pin 
box or PP3 battery 
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PiC-based 
Double-Bass 


Tuner 


| 
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Samuel Dick wanted a small and portable tone-generating tuning aid, so he 
designed his own, with the help of the PIC 16C64. 


eeping musical instruments in tune is an 
everyday task for musicians, so a simple 
tuning device is a welcome addition to their 
music bag. Commercial tuners usually have a 
visual indication of correct tuning - either a row 
of LEDs or an analogue meter is used to indicate pitch 
offset. These are electronically very convenient, but most 
musicians are more accustomed to tuning to a reference 
sound, For example, orchestras often tune to the first 
oboe, chamber groups to the keyboard instrument (a 
harpsichord, for example), if present, and string groups 
agree among themselves to tune up to one of their string 
instruments. So tuning by ear is a skill needed by both 
professional and novice musicians. 
The simple tuner described in this article helps the aural 


Ic 
PIC16C74 


Figure 1: the circuiit of the Double-Bass Tuner 


tuning process by generating the correct tones for - in this 
particular model - a double bass. To make the tuner as 
simple and as accurate as possible, a PIC microcontroller is 
used to do all the waveform timing. Using a microcontroller 
reduces the complexity of the project compared with a 
hard-wired logic design, and the microcontroller has 
features useful in battery-powered equipment, such as 
hibernation, that dedicated keyboard synthesiser chips lack. 

One of the troublesome aspects of a double bass tuner 
is the need to reproduce very low notes. The lowest 
frequency needed is that of the E strong, at 82.4 Hz. Such 
a low frequency is not efficiently handled by the size of 
loudspeaker, up to around 50 mm in diameter, normally 
acceptable in a portable tuner, so this tuner uses good 
quality earphones instead. 
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Figure 2: the component layout of the Double-Bass Tuner 


Timing 

The heart of the tuner is a PIC 16C64 microcontroller which 
contains a 16-bit timer. In total, the microcontroller has 
three timer units. Timer-O and Timer-2 are 8-bit counters; 
Timer-1 is a 16-bit counter, which is configured by the 
software to count pulses from the system's crystal 
oscillator and, when a particular value (stored in that 
counter's compare register} is reached, issue an interrupt 
request. When the microcontroller receives the interrupt 
request, it executes an interrupt service routine which 
toggles the state of two of the output pins on Port-B, one 
of the digital input/output ports. 

The use of a 16-bit counter combined with a fairly high 
system oscillator frequency (8 MHz, resulting in 2 MIPS 
performance) allows the tuner ta be very accurate. The 
frequencies that can be generated by this technique are 
given by the simple equation 2x106/n, where n is the 
number in the counter’s compare register. A little 
experimentation with n will show that an 8-bit counter 
(O<=n<256) cannot generate frequencies sufficiently 
accurate for use as a musical tuner. 

When it is active, the PIC spends its time looking at the 
keypad (SW 1a, b, c, or d), either waiting for a user to 
press one of the switches, or servicing an interrupt. When 
one of the note-selection keypad buttons is pressed, it 
clears its corresponding bit in Port-B (Port-B pins have an 
internal weak pull-up that is enabled in the software). 
When a keypress is detected, bit-test functions are used 
to determine which key was pressed. Timer-1’s compare 
register is then loaded with the particular value needed to 
ensure that an interrupt is generated each half-cycle of the 
nate requested, Timer-1 is cleared and enabled, and 
interrupts from Timer-1 are enabled. Timer-1's compare 
register is a 16-bit register each half of which (the high 
and low bytes, CCPR1H and CCPRI1L) is accessed 
independently. 

For example, to generate an E with a frequency of 82.4 
Hz and a cycle time of 12136 microseconds, the PIC 
needs to change the state of the output pin every 6068 
us. A sinewave spends half its cycle positive and half 
negative, so the output pin spends half a cycle on, half a 
cycle off. Timer-1 is incremented every four system- 
oscillator periods, that is, steps of 0.5 us with an 8-MHz 


system oscillator. So the Timer-1 compare register is 
loaded with 2F68h: every 12,136 steps {6068 us) an 
interrupt is generated that, in turn, calls the interrupt 
service routine to change the state of the output pin, Thus 
the output pin is high for 6068 us and low for the next 
6068 us. 

This scheme generates a squarewave at the correct 
frequency but, because of the many powerful harmonics in 
a squarewave, the note actually sounds to the ear as 
though it is perhaps one or two octaves higher. To filter 
out the harmonics, a simple high-cut filter (R2, C5, R3, C6) 
is placed between the microcontroller (IC 1) and the 
earpiece ({EP1). 

Other features of the microcontroller are disabled by the 
software during the start-up process when power is 
applied or when the device wakes from sleep. Except 
when actually generating a note or hibernating, interrupts 
from all other sources within the microcontroller are 
disabled: when hibernating, only interrupts signalling that 
the keypad has been pressed are allowed; when 
generating a note, only interrupts from Timer-1 are 
allowed. 


Sleep 

The PIC 16C64 has a sleep facility which cuts power 
consumption down to a level typically less than the self- 
discharge rate of a battery. The chip is powered-down by 


ay 
| 


Tent SE ee we 


C5, C6 


Other major parts " 
1C1 PIC16C64-JW or -10P*: 
“microcontroller ae 
C ‘ 8 MHz crystal 


Four-way membrane keypad 


aneous 
N-size battery holders 
‘N-size 1.5 V batteries 
Smail plastic box (140mm x 75 
‘battery compartment and 
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issuing the SLEEP instruction which halts the crystal 
oscillator; the prototype's supply current drops to less than 
{uA during sleep. By using the hibernation facility, no 
on/off switch is needed and the tuner cannot be left on 
accidentally. 

The hibernation works as follows: as described above, 
the PIC’s main task when producing a musical note is to 
switch two of the digital port pins on and off at a certain 
rate, according to which note has been requested. In the 
software, two of the RAM locations within the 
microcontroller are allocated to a counter which is set to 
zero when the note starts and which is incremented each 
time an interrupt from the PIC’s Timer-1 is serviced. Thus, 
whenever the PIC changes the state of the output pins, 
the counter has one added to its value. 

After the counter has been incremented, its value is 
checked to see if it exceeds 4000h and if so, the PIC 
executes the SLEEP command. The counter has to be a 
16-bit counter. For the highest note (196 Hz), an 8-bit 
counter would roll-over in 1.3 seconds - too short a time 
for tuning! So two 8-bit counters are used in series to 
make a 16-bit counter. When the first counter reaches 128 
(bit 7 switching on), the second counter is incremented 
and the first counter cleared to zero. When the second 
counter reaches 128, it is cleared, the output pins are set 
to logic zero to minimise current drain through them during 
sleep, interrupts are disabled, and the processor is put to 
sleep. This scheme gives a time-to-sleep of about 40s for 
the highest note, which is adequate for tuning purposes 
but ensures that the tuner’s battery life is long - a set of 
batteries should last for around a thousand tuning 
sessions with the 12mA active current drain. The choice of 
a 128 count for both 8-bit counters is somewhat arbitrary, 
but gives a sensibly long active period prior to hibernation; 
the natural roll-over 256 count of an 8-bit counter would 
have given a 160s active period which was judged to be 
needlessly long. 

The PIC software clears the general interrupt-enable bit 
before hibernating so that, upon wake-up, it continues 
executing the software after the SLEEP instruction: it 
continues to watch the keypad for key presses. 

How does the PIC wake-up? Although hibernating, the 
microcontroller can be stirred into activity by any one of a 
small number of events. For example, a master reset 
signal or some interrupts will trigger wake-up. Before the 
PIC is sent to sleep, the wake-up logic is configured so 
that a change in level of the voltage applied to bits 4 
through 7 of Port-B will initiate wake-up. One of the 
keypad switches is connected to bit 4 of Port-B, so when 
that key is pressed, the microcontroller wakes up. 

So the PIC normally sleeps. It wakes up when one of 
the keypad buttons (the G) is depressed, plays notes as 
requested by pressing momentarily any of the keypad 
buttons, and goes back to sleep some tens of seconds 
later, No on/off switch is required, and there is no need to 
remember to switch it off after use. 


Miscellaneous c 
The PIC is powered by three N-size alkaiine-manganese 
batteries. The 4.5 V supplied from the cells is within the 
PIC’s 3.0 to 6.0 V operating range and means that no 
voltage regulator device is needed. Because of the sleep 
feature, no on/off switch is necessary. 

C1 smooths any supply ripple due to the activity of the 


microcontroller, R1 and C2 reset the microcontroller on 
power-up and X1, C3, and C4 function as the system 
oscillator. 

The tuner is built into a small plastic box which has a 
hatch for access to the battery compartment. Normally, a 
PP3 9-volt battery would fit into the battery compartment 
but the three N-size cells that power the tuner can be held 
in three individual battery holders which, if placed at an 
angie of 45degrees, will fit into the same space and will be 
accessible via the hatch. The earphones (wired in parallel 
to provide some redundancy should one of them go open- 
circuit) and the membrane keypad are connected directly 
to the circuit board, with their connecting wires requiring 
only small slits in the plastic case. 


PIC-based Double-Bass Tuner - Code 
; tuner program 

list p=16c64,f=inhx8m 
include “a:\pic\pl6cxx.inc” j;definitions file 
; variables 

poutput value 


opVal equ 0x20 


entrA equ 0x22 ;counter A 
; timeout 
ecntrB equ 0x23 


; timeout 


jcounter B 


7; Start administration 


org 0x00 
vector 
goto Start 


;reset/power-up 


org 0x04 tirg vector 


goto irqgseryv 


org 0x05 ;program start 
Start 

bsf STATUS,RPO ;switch pages to 1 

moviw Ox3F jport-B bO..b5 as 
input 

movwf TRISB 

bef OPTION_REG,7 7port-B pullups on 

bef STATUS,RPO ;switch pages to 0 

bef opVal,7 :off - output bits 

bef opVal,6 

moviw opVal 

movwt PORTB 

clrf T1CON ;stop timer-1 & 
initialise 
Again 


moviw PORTB 
btfss PORTB,1 


;read port B 


goto makeE 782 .4hz 
btfss PORTB,2 

goto makeA 21 1.0he 
btfss PORTB, 3 

goto makeD 3146. 8hz 
btfiss PORTB,4 

goto makeG 7196hz2 


goto Again 
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makek 


makeA 


makeD 


bef INTCON,GIE ;disable irgs 

clrf TLCON ;stop count, 
sinternal osc/4, 
;Prescale=1 

moviw O0xOB 
;soft irq, cmp 
;mode 

movwf CCPLCON 

moviw Ox2F 

movwt CCPR1H 

moviw O0x6& 

movwt CCPR1iL 

bef PIR1,CCPLIF 


;load cep regs 


;clear irq flag 
elrf entra ;clear timeout 
clrf cntrB 


bst STATUS,RPO ;switch page 

hsf PIE1,CCPLIE pallow irqs 

bef STATUS,RPO ;switch page 

bsf INTCON,GIE ;enable irgs 

bsf INTCON, PEIE ;enable pe irgs 
bsf£ T1LCON, TMRLON ;start counting 
gota Again 


bcf INTCON,GIE ;disable irgs 

clrf T1ICON ;stop count, 
;internal osc/4, 
jprescale=1 

movilw Ox0B 
jsoft irg, cmp 
;mode 

movwt CCPICON 

movilw 0x23 

movwt CCPR1H 

moviw 0x83 

movwt CCPRIL 

bef PIR1,CCPLIF 


jload cep regs 


;Clear irg flag 
elrf entra ;clear timeout 
elrt entrs 

bsf STATUS,RPO ;switch page 

bsf PIE],CCPLIE jallow irgs 

bef STATUS,RPO ;switch page 

bsf INTCON,GIE ;enable irgs 

bsf INTCON, PEIE renable pe irqgs 
bsf TLCON, TMRION ;start counting 
goto Again 


bef INTCON,GIE ;disable irqgs 

olrf TLCON jstop count, 
jinternal osc/4, 
jprescale=1 

mavilw Ox0B 
7S0ft IFYq; chp 
7mode 

movwE CCP1CON 

moviw OxlA 

movwf CCPR1H Pe 

moviw Ox9R 

mavwf CCPRLL 

bef PIR1,CCPLIF 


:load ccp regs 


;clear irq tlag 


elrf cntra 
elrf entrB 


clear timeout 


bsfi STATUS,RPO ;switch page 


7set tmrl control 


7set tmrl control 


7set tmrl control 


bsf 
bet 
bst 
bsf 
bsf 


PIEL, CCPIIE jallow irgs 
STATUS,RPO ;switch page 
INTCON,GIE ;enable irgs 

INTCON, PEIE -enable pe irqs 
TICON, TMRiON start counting 


goto Again 


makeG 

bef INTCON,GIE ;disable irys 

cirf T1CON ;Stop count, 
sinternal ose/4, 
;prescale=l 

moviw Ox0B iset tmrl control 
7S0ft irq, cmp 
mode 

movwf CCP1CON 

moviw Ox13 jload cep regs 

movwt CCPR1H 

moviw OxEE 

movwf CCPRIL 

bef PIR1,CCP1IF iclear irq flag 

clrf cntrA ;clear timeout 

clre entre 

bsf£ STATUS,RPO ;switch page 

bsf PIE1,CCP1IE jallow irqs 

bef STATUS,RPO ;switch page 

bsf INTCON,GIE ;enable irgs 

bsf INTCON, PEIE penable pe irs 

bsf T1ICON, TMRION ;start counting 

goto Again 

irqserv jinterrupt service routine 
bef PIR1,CCPIIF sclear irq flag 


moviw Oxcd 


‘toggle op bits 


xorwf opVal,1 
movtw opVal 
movwfi PORTB 


; Sleep time? 


flag 


endIsRk 


end 


ime? ientaAy,.d 


jatatlL 


btfss cntrA,7 ;a=1287? 


goto endISR gyno, return 
inet <icre,1 ;yes, b=b+1 

elrf cntrA 7a=0 

btfss cntrB,7? ;b=12487 

goto endISR tno, return 


elrf cntrB 


bef 


elrt PORTE 
movtw PORTB 


bef 


bst 


ryes...b=U 


INTCON,GIE ;stop ings 
p2zera cautput 
jread B 


INTCON, RBIF ;clear portB wakeup 


4 


INTCON, RBIE renable wake irg 


sleep 


nop 
nop 
nop 
bet 
bcft 


INTCON, RBIE 
INTCON, RBIF 


gote Start 


send of service routine 


retfie 
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MIDI DRUM PADS 


A neat way to get your rhythm tracks into your hardware. By Tom Scarff 


ave you got rhythm? Do you want to transfer that 

rhythm to your computer or hardware sequencer? 

Probably the easiest way of achieving this is to 

use MIDI drum pads that can be hit with 

drumsticks, and the data can be stored in real 
time with any errors corrected afterwards. While there are 
commercial units available, they can cost hundreds of pounds, 
so | designed and built this unit based around the PIC 16C84 
microcontroller. 

While this unit is cheaper, it does have some limitations. It 
provides MID! data which has to be sent to a drum/synthesiser 
or sound module, The velocity byte is fixed at maximum 
volume and the drum selection and MIDI transmit channel are 
fixed at the time of programming. The software as it is written 
is set up for the drum sounds in the Creative Labs AWE64 or 
equivalent sound card on channel 10, but the drums can be 
mapped to suit any sound card or module, Even though the 
velocity bytes are fixed on record they can be edited 
afterwards in the sequencer software. 

The MIDI data stream is a unidirectional asynchronous bit 
stream at 31.25 Kbits/sec with 10 bits transmitted per byte (a 
start bit, 8 data bits, and one stop bit). The MIDI interface on a 


MIDI instrument will generally include three different MIDI 
connectors, labelled IN, OUT, and THRU. The MIDI data 
stream is usually originated by a MIDI controller, such as a 
musical instrument keyboard, or by a MIDI sequencer. A MIDI 
controller is a device that is played as an instrument, and it 
translates the performance into a MIDI data stream in real time 
(as it is played). A MIDI sequencer is a device that allows MIDI 
data sequences to be captured, stored, edited, combined, and 
replayed. The MIDI data output from a MIDI controller or 
sequencer is transmitted via the devices MIDI OUT connector. 

Each MIDI bit is transmitted for 32 microseconds, and so 
the timing is fairly critical. In the software this is achieved by 
timing loops which are accurate to the fundamental frequency 
of the 10MHz crystal divided by four which is 0.25us. The real 
time clock counter (RTCC) would not be as accurate for the 
MIDI transmission of 31.25 Kbits/sec because of the 
overheads associated with the operation of the timing overflow 
and interrupt routines, but obviously works fine for lower baud 
rates. 


The circuit 
The circuit in figure 1 is based around the PIC 16C84 


TRIGGER 
INPUTS Ri -AB 4k7 


+5V 


IC1 
PIC16C84 


+5 


Figure 1: the circuit of the MIDI Drum Pads 


FS1 swt D1 1N4001 
Le a fo oo 11 > 
220VAC 
No——__——_e¢ 
D2 1N4001 
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Figure 2: the component layout for the Drum Pads PCB 


microcontroller which scans the inputs on RBO to RB7. When 
a high is detected the software transmits the equivalent note- 
on ( and then the MIDI note-off after a short delay) for the 
required drum sound on the MIDI output on RAO. 

The inputs are provided by the piezo-electric transducers 
which can provide up to 40Vp-p depending on how hard they 
are hit. This voltage is reduced by the potential dividers R1 to 
R8 and R9 to R16 respectively. The values chosen reduce the 
input level by approximately a quarter, and it is further reduced 
by internal clamping inside the microcontroller. If different 
transducers are used on the input then the potential dividers 
may need to be adjusted. Note that the inputs float high so the 
resistor values R9 to R16 need to be reasonably low so that 
when the microcontroller software scans the inputs it reads 
them all as low, with no transducer triggered. Also the 
Maximum input continuous injection current into an I/O is 
specified as +/- 500uA, although it will sustain larger currents 
(more than?00mA) for short periods of time. 

The timing is generated from the 10MHz crystal and 
associated capacitors C1 and C2. 

The MIDI output is fed to the 180 5-pin DIN socket via two 
220R resistors which provide the required 10mA current loop. 
The power supply is a standard arrangement using a 9V-0-9V 
centre tapped transformer, which is rectified by diodes D1 and 
D2 smoothed by C3 and regulated to 5V by IC2. 


Software Operation 

The software consists of initialisation of the variable addresses, 
the constants, the ports and the drum assignments. The drum 
assignments can be mapped for any drum module, in the 
original the bass drum is decimal 36, the snare decimal 38, 
and so on. 

For the 16C84 the origin (org) is set to OOh and the 
programme resets via the goto INIT where PortB is initialised 
as all inputs and PortA as all outputs. The main program 
section then polls the inputs and waits for a high input 
representing a drum being triggered. The particular triggered 
input is then detected using the “drum?” section, and is 
converted by the drum sound convert table, The value is 


placed in the drum variable and the note-on subroutine called 
then the note-off subroutine fs called which is required for 
some drum modules. 


Construction 

The layout of components on the board is shown in figure 2, 
The unit can be mounted in any suitable enclosure and only 
requires connections for a mains cable, via a rubber gland if a 
metal enclosure is used, the on/off switch, the 5-pin DIN 
connector and the 8-input transducers. Originally | had the 
transducers mounted on the same metal panel, which worked 
if the transducers where hit accurately but if they were missed 
slightly and the panel hit instead then the incorrect drum could 
be triggered. To avoid this problem the transducers could be 
mounted in separate diecast boxes. Also each separate 
transducer could be mounted onto real drums and triggered 
when each drum is played separately. 


MIDI DRUM PADS DRUMLIST1.ASM 
LIST p=16C84 


:;Program to tx MIDI data with 10Mhz clock 
;MIDI Drum-Pads 


;PROGRAM: T. Scarff 

;DATE: 03/12/97 

;FILENAME: drm_lee1.asm 
‘ITERATION: 1.1 

‘NOTE: Channel 10 for drums is OSh 


ORISIOISIIISIDOI RII RIGS R OI IE 


; Variable Assignment Addresses 


QI IGINIIIIIIORIIOO IRIE IOI 


dlyreg equ OC 
xcount equ oD 
xmtreg equ OE 
delay equ OF 
count equ 10h 
timer equ Tih 
clkdown equ 12h 
drum equ 13h 
value equ 14h 
; Constant Assignments 
CARRY equ 00 
MSB equ 07 
BORROW equ 00 
LED equ O7 
Ww equ 00 
F equ 01 
ze equ 02 
C equ 00 
Dx equ 00 
Port Assignments 
PCL equ 02 
STATUS equ 03 
PORTA equ 05 
PORTB equ 06 
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Drum Assignments 


AHR R ERED RA Aa Raa ER RA AAA AY 


Crum equ O0h ;dummy, never used 
rum | equ .36 j|bass 

Crturn equ .38 ‘snare 

drum equ .43 ‘low tom 

drum~t equ 42 ‘closed hh 

drums equ 45 thigh tom 

drum equ 46 jopen hh 

druni? equ 49 \crastt 

drums equ Oo jride 


VARA HP AARNE S ERR Hed tha ee besarte he 


PROGRAMME Reset Pairit 


pAb ea bet ebeb debe dad da bay e eae neabayde 


org 0 
gota INIT 


AUT Reese ec cer eee eee eee ee eee eee ee) 


a SH routines 


CeCe e eee ee eee eT See ee eee eee ee eee) 


delay2 = move! dlyreq ;delay=1+4(n-1)°3+3 cycles 
dly2 dectsé dlyreg ;where nis in W reg 
goto diy2 ;n=18 tor delay=55 cycles 
nop 
return 


bit set nop 
nop 
bst POR 1A.dx 
return 


dit.cir bot PORTA,dx 
nen 
nop 
return 


txrmdi  mavdw: 8 
rhavwi xcount 
bof PORTA. dx 
ravi 02 
novwe delay 1 
ahyt dectse delay t 
goto cy] 


xnext oo movhw 20 This loap has 25 cycles 
cail delay? jPlus delay2 value 
rf xoitreg jnurmber of cycles to 


blfisc STATUS.CA 
call bit set wiumb 


RRY jbit sal/clear = 1455-09-65, 
er of cycles from 


btiss STATUS.CA 


RRY jbit set/clear -15, 


bsf PORTA,dx ;delay=4+(n- 1)'3=61 


moviw .25 ;This loop requires 80 cycles 
call delay2 ;75+5 so if n=25 
return ;delay=4+in-1)'G=/6 


aSASSASARA ERAS AAS ERA ERA ARAL RR 
? 


Initialise Software 


WetetCCCrececeesert te foro t es roe 


INIF clrf PORTB 
moviw  #$FF 
TRIS PORTB :make portB alt inputs 


clrf PORTA 
movlw  #$00 
TRIS PORTA ;rmake porta all outputs 


REE SRE RARER ERE RARER EER RE ERAS 


Main Program Start 


LASHER REE RAERHASERA EA EE AEE RHA 


_ cl PORTB 
main movf PORTB,W 
movwe value | 
xorlw #300 
btisc STATUS,Z 
goto main 


moviw #$00 

movwf count 
drum? — inef count,F 

trf value 1 

btfss STATUS,C 

goto drum? 


movi count, W 
call convert 


movwt drum 
call noteon 


call noteoff 
goto main 


aNRAAERRESAAAAASAS AEA AAD ARAL ERED MESA RE 


snote on subroutine 


SENAAUNBAAAPA AA ERARA ALA AAD AR RAR AAR A 


noteon moviw #$99 :note-on channel 10 
movwf xmtreg 
call txmidi 


movf drum,W ; drum note 
movwf xmtreg 


Se Se 


jms 


7 RE Be Ou OO ease 


call bit clr -Total-80'°O.4.18=32uS cal! txmidi 
deulsz xcount ° 
goto xnext moviw #57f ;max velocity 


movwt xmtreg 
call txmidi 


movhw 22 (This loop requires 65 cycles return 
call delay2 61 +4 so if n=20 
nop 


ELECTRONICS TODAY INTERNATIONAL 
66 


CII SIS ORE IO ion at fe tein dad ARR iO i teas 
t 


‘note-off Subroutine 


GRA IBOIDIDINIG I ip in Hari de a aI IO IE Ha Ie 
t 


noteoff movlw #$89 ;note-off channel 10 
movwf xmtreg 
call txmidi j 
R17, Ris 
movf drum,W ; drum note 
movwf xmtreg 
call txmidi 


att Sieve | 


C1,C2 
c3 
C4 


« 
ne 


moviw #$7f ;max velocity 
movwt xmtreg 

call txmidi 

return 


id 


JOR UOISIIOI Om nIpiGiG I tok took etd toi ena Wat 


‘Table to convert drum sound 

convert addwf PCL 
retlw drurnd 
retlw drurn4 
rethy drum2 
rethw drum3 
rethw drum4 
rethlw drum5 
rethw drums 
rethw drum? 
rethw drums 


"OU, 


‘spegq unid Tdih 


end 


Capacitors 


used in the prototype © 
and a rubber disc 
ris order code 
7:16C84 is available 
is available 
‘4..Martello 
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An Introduction to Robotics 


: second shows you how to make a 

? simple two legged humanoid robot 
that can be programmed to walk. 

: There are no complicated formulas 


A fascinating and unique book that 
breaks new ground by exploring the 
exciting world of robotics in a clear 
and concise way. Both the theoreti- 
: or equations to grapple with or 
incomprehensible circuit diagrams to 
decipher, - this robot can be built on 
: your kitchen table and can be run 

: from any personal computer! All you 


cal and practical aspects are present- 
ed in an uncomplicated fashion using 
everyday English, which makes this 
an ideal book for the amateur. 
Divided into two sections, the first 
part explains how and why robots 
work and are controlled, while the 


: need are model aeroplane servos, a 
? controller, a power supply and some 


Telephone orders: 01442 266551 and ask for Nexus Direct 
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Complete details and return coupon to: Nexus Direct, Nexus House, Boundary Way, 


Hemel Hempstead, Herts, HP2 7ST. if you do not wish to receive mailing from other companies, please tick box. C] 
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: plywood - and all parts are easily 
: available in the UK and the USA. 
: This is a book that will be of interest 
to modellers and everyone with a 
fascination for things mechanical and 


ectronic. 


his is the way of the future, stay one 
: step ahead and order your copy 

: today! 

: Only £11.50 UK & £12.50 Overseas 

: (Includes Postage & Packing). 
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Practically Speaking 


TERRY BALBIRNIE 
This month we continue with some of the calculations used in developing and 
testing circuits. 


A single resistor, used to make the meter read in volts 


In this edition and the next, we shall look at how the 

scale of a pointer-on-scale (analogue) panel meter 

may be “tailored” to suit the application you have in 

mind. This month we shall concentrate on making 

voltmeters, and next time we shall look at 
milliarnmeters and ammeters. 


On the panel 

These days, it seems that panel voltmeters are less common than 
those scaled in milliammps or microamps. Even where a voltmeter is 
available, it often has a scale that is not ideal for the purpose to 
which the meter is going to be used. For example, you might 
require a meter to monitor the voltage of a nominal 12V lead-acid 
battery. When this is fully charged, its terminal voltage may approach 
15V. You will therefore need a voltmeter scaled 0 - 15V, It may be 
possible to buy one scaled O - 30V, but then half of the scale would 
be unused. To make a meter read up to 15V would obviously be 
better. 

Suppose your meter has a 0 - 500uA scale. From the 
manufacturer's or supplier's data, it is found to have a resistance of 
430 ohms. You know that when 15V is applied to a pair of 
terminals, 500uA must flow through the meter to make it read full 
scale. The solution is to connect a fixed resistor in series with the 
meter. Suppose the value of the required series resistor is R. For the 
moment, forget the resistance of the meter itself - pretend it is zero, 

Using Ohms’ Law, and remembering that a voltage of 15V 
applied to the terminals resutts in 500uA flowing through the meter: 


R = VA = 15/0.0005 = 30,000 ohms (30k). 
(500uUA is equal to 0.0005A) 
However, the meter itself has a resistance of 430 ohms so, in theory, 


the value of the resistor will only need to have a value of 30,000 
ohms minus 430 ohms, that is, 29,570 ohms. You will probably 


decide to forget the difference and just use a 30 kilohm resistor 
since the error is only 1.4 percent. You will need to check the 
values of the resistors available from stock in the supplier's 
catalogue, These should be of the 1 percent tolerance metal film 
type to provide an accurate reading. In some cases, such as this 
one, the value is obtainable “off the shelf’. The procedure is 
shown in 

figure 1. 

In many cases it will be necessary to use more than one 
resistor to make up the correct value. Remember, to find the 
result of two or more resistors connected in series, you add the 
values, It is interesting to note that if the tolerance of the required 
resistor is 1 percent, then connecting any number of 1 percent 
tolerance resistors in series to obtain this value will still result in an 
overall tolerance of 1 percent. 

Some readers will prefer to use Standard Form (Scientific 
Notation) when performing the calculations. In this form, 500uA 
would be called 5.0 x 10% A. Use of Standard Form will be the 
subject of a future Practically Speaking and will not be used here. 

A further example will make this all clear. 


Example: 


You require a voltmeter to read O - 25V and you have available a 
microammeter scaled 0 - 100uA and having a resistance of 3750 
ohms. 

Using Ohm's Law and remembering that 100uA is equal to 
0.0001A: 


R = VA = 25/0.0001 = 250,000 ohms (250k). 


In theory, you need only the difference between this and the 
resistance of the meter - 246,250 ohms. However, as in the last 
example, the error is very small (about 1.5 percent), so it is 
probably not worthwhile taking it into account. Since 250,000 
ohms (250 kilohms) is not a stock item, you will need to use a 
240k resistor connected in series with a 10k unit. 

You will need to make a new scale for the meter. The old one 
is easily removed and may be sprayed matt white. The new 
numbering may then be applied using dry print lettering. 


Figure 1: Using a 
series resistor to make 


the meter read volts Microammeter 


{O - 500uUA) 
/ = 430 ohms 


Series 
resistor 


15V applied between the terminals 
gives full scale reading 


would do the job’V 

complicated circuit of mn amps, diodes, 
and resistors to put in simple control 
sequencing that could be done easily with 
a single CMOS logic chip. 

Of course, there is a place for this 
philosophy: if you have a microcontroller in 
the system, any amount of code added 
without actually increasing the prom size is 
cheaper in production than the cost of a 
single extra resistor. 

Equally, the addition of a couple of 
diodes to an analogue system to avoid the 
need for a logic chip, possibly with a 
different supply voltage, is likely to be the 
best course, But everything depends on 
who makes the decision. To do this, the 
main requirement is to understand a wide 
range of electronics and, preferably, other 
engineering disciplines. This understanding 
need not be sufficiently detailed to 
undertake advanced design in every field - 
there is always a time to call in somebody 
else who has the relevant expertise - but it 
is at least necessary to appreciate what 
can be done, approximately how it may be 
done properly and (of the greatest 
importance once you move above a single 
prototype) what the cost will be. 

Returning to the area of dsp, who is 
more likely to design better dsp systems - 
a designer who understands analogue, 


a reasonable 
Br programmer of 
rhaps both, working 


ing specialisations, | 
projects the team 
Dly a number of other 


Bsible. Experts in specific 
eded to make sure that 
e designed as thoroughly as 
it is counterproductive for the 
tt to write superb code to 
ate the functions of a simple 
falogue circuit if the dsp is not otherwise 
needed. 

It is interesting that people specialising 
exclusively in digital design, perhaps 
because it initially appeared to be a simpler 
and more efficient solution, free from 
messy electrical behaviour, are now having 
to take into account electrical effects that 
were previously the domain of analogue 
circuit designers only. The combination of 
increased bus speeds and the stringent 
power supply requirements for fast 
processors forces designers to consider 
transmission line effects in digital circuit 
pcb tracks. 

As another example, correct placement 
of decoupling capacitors is vital. If the 
ground current of a chip as it switches 
passes the ground connection of another 
one on its return to the decoupling 
capacitor, the second chip's ground pin 
may receive a transient voltage of sufficient 
level that it interprets certain logic 1 inputs 
briefly as logic 0. 

So the digital designer must now take 
steps to ensure that the 1s and Os retain 
sufficient noise margin under all conditions 
of bus and power supply loading, before 
making the bold assumption that they 
actually will be one or zero when required. 
The analogue designer would do well to 
learn enough about digital processing to 
apply analogue expertise, for example, in 
coding dsp applications. 
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DATAMAN-48LYV 


Plugs straight into parallel port of PC or 
laptop 

Programs and verifies at 2, 2.7, 3.3 & SV 
True no-adaptor programming up to 48 
pin DIL devices 


Free universal 44 pin PLCC adaptor 


Built-in world standard PSU - for go- 
anywhere programming 


Package adaptors available for TSOP, 
PSOP, QFP, SOIC and PLCC 


* Optional EPROM emulator 


DATAMAN S4 


Programs 8 and 16 bit EPROMs, 
EEPROMs, PEROMs, 5 and 12V FLASH, 
Boot-Block FLASH, PICs, 8751 
microcontrollers and more 


EPROM emulation as standard 
Rechargeable battery power for total 
portability 

All-in-one price includes emulation 
leads, AC charger, PC software, spare 
library ROM, user-friendly manual 


. 


Supplied fully charged and ready to use 


SURELY NOT, 
SURELY SOMEONE SOMEWHERE HAS 


S4 GAL MODULE 


DEVELOPED A PORTABLE PROGRAMMER 
THAT HAS EVEN MORE FEATURES, EVEN 
GREATER FLEXIBILITY AND IS EVEN 
BETTER VALUE FOR MONEY. 


ACTUALLY, NO. BUT DON’T TAKE OUR 
WORD FOR IT. USE THE FEATURE 
SUMMARY BELOW TO SEE HOW OTHER 
MANUFACTURERS’ PRODUCTS COMPARE, 


MONEY-BACK 


* Programs wide range of 20 and 24 pin 


logic devices from the major GAL vendors 


* Supports JEDEC files from all popular 
compilers 


SUPPORT 


* 3 year parts and labour guarantee 
¢ Windows/DOS software included 
* Free technical support for life 

* Next day delivery - always in stock 


* Dedicated UK supplier, established 1978 


Still as unbeatable as ever. Beware of 
cheap imitations. Beware of false 
promises. Beware of hidden extras. 

If you want the best, there's still only one 
choice - Dataman. 


Order via credit card hotline - phone 
today, use tomorrow. 


Alternatively, request more detailed 
information on these and other market- 
leading programming solutions. 


30 DAY TRIAL 
if you do not agree that these truly are the 
most powerful portable programmers you can 
~ buy, simply return your Dataman product 
within 30 days for a full refund — 


Orders received by 4pm will normally be despatched same day. 
Order today, get it tomorrow! 


DaTaman 


Dataman Programmers Ltd, Station Rd, 
Maiden Newton, Dorchester, 

Dorset, DT2 OAE, UK 

Telephone +44/0 1300 320719 

Fax +44/0 1300 321012 

BBS +44/0 1300 321095 (24hr) 

Modem V.34/V.FC/V.32bis 

Home page: http://www.dataman.com 
FTP: ftp.dataman.com 

Email: sales@dataman.com 


